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ABSTRACT 
In this study, Addis Ababa Science and Technology University (AASTU)  water 
distribution system of existing supply system was assessed.  The main objective of this 
study is to asses performance of water supply distribution system and recommends 
improvement measures for existing system, Water GEMS software was used as tool to 
model water distribution system analysis. The modeling effort included both 
hydraulic and water quality modeling. Simulation results  for  maximum  and  
minimum  pressures  were  used  as  base  tool  to  evaluate  the  hydraulic performance 
and simulation result for minimum residual chlorine were used as base to assess  
water quality  transformation  in distribution  systems.  Modeling results showed 
violation of maximum and minimum pressure requirements. Along with this, water 
quality simulation results illustrated water quality was good due to availability of better 
residual chlorine which is meet WHO guideline. 
The model analysis result shows the different problems of the system. These are 
undersized pipes and low pressures. The system should be modified using the design 
criteria of velocity, pressure. To retrieve the situation there is a need to intervene.  
Modification in operation and design will improve the current situation of the case 
study water distribution system. 
 
Key words: Water distribution system, modeling, Hydraulic performance, Water quality, 
Minimum pressure, Residual chlorine  
. 
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1 INTRODUCTION  
1.1 Back ground and Justification  
 
All peoples, whatever their stage of development and social and economic condition 
have the right to have access to drinking-water in quantities and of a quality equal to 
their basic needs (WHO, 1997). Problems with access to sufficient water are most 
happen in the developing world, and more than one billion people were suffer without 
access to water for their basic needs. Thereby, the United Nations Millennium 
Declaration and the plan of implementation of the world; was set reducing the 
proportion of people having without adequate access to water by one-half for the year 
2015. Hence, adequate water distribution is one of the international goals for 
sustainable development (Renwick, 2013). 
 
Water utilities in many developing countries are struggling to ensure that customers to 
be receive a reasonable supply of adequate drinking water. But, problems related with 
less engineering aspects, low level which limits the utility‟s cost recovery and 
encourages customers to undervalue the service (Farley, et al., 2008). 
 
In general, water problem is a growing global concern and that has an impact on 
countries‟ economic prospects. Rising water stress, large supply variability, and lack 
of access to safe and adequate drinking water are a frequent problems in many parts 
of the world. Especially, developing countries face greater challenges of adequate 
water distribution because of their larger population growth rate, poor 
infrastructure, lower income levels, and less developed policy and institutional 
capacity (Kochhar, et al., 2015). 
 
According to university water supply service office, one of the common problems in 
the campus water supply system was related with intermittent supply due to the 
current performance of the water distribution system. Thereby, there were inadequate 
amount of water supply and low coverage in the university. Therefore, this research 
work was prepared to assess AASTU water distribution network in terms of the 
performance. 
 2 
 
1.2 Statement of the problem 
This study intends to determine the extent to which the hydraulic performance of 
the AASTU water networks is affected by the intermittent supply, operational 
ways and management system. One of the major challenges on reduction of the 
performance of AASTUs‟ water supply system is the demand on water increases 
due to the growth of population and development of the university. In many 
developing countries water supply system the problem of intermittent water 
distribution is a growing concern. One of the major indicators of intermittent 
water distribution is the capacities and configuration of system components. 
Reservoirs capacity, pump size, pipeline and pipeline network schematization 
has impact on quantity of water distribution in a system. Accordingly, 
Identification of major problems regarding this failure has not still studied. So by 
this study the problems will be pointed out and options will be forwarded to be 
applied for future expansion. To lead appropriate design, we must study the 
hydraulic parameters, the variations, and the relations between them and other 
factors, which control the performance of the water supply networks. 
 
1.3 Objectives of the study 
 
1.3.1 General objective 
This study assesses the performance of water distribution system in AASTU 
campus and recommends improvement measures to depend on the existing System. 
 
1.3.2 Specific objectives 
 To identify problems of existing water supply and demand  
 T o  assess the performance of distribution system using water CAD/GEMS 
 T o  propose alternative approach for improved water availability scenarios 
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1.4 Significance of the study  
The findings of the study were helping the university to improve water supply service 
and recommend on the measures to be taken in the future. The hydraulic simulation 
technique for water supply and evaluation process is the only critical solution for Addis 
Ababa Science and Technology University through sustainable development events. It 
also determines the position of the university in healthy state as well and the technique 
has the power to solve all problems of water related issues. The main focus of the 
study is an assessment of pressure at different points within the distribution system 
and the study is also used to assess the performance of the existing distribution system of 
the AASTU campus, Addis Ababa, which is aimed to help the AASTU campus in order to 
understand its distribution system needs and assist them in long-term planning of water 
assets. Thus, the scope of this study is to evaluate the performance of the existing drinking 
water distribution system using recent hydraulic simulation software and recommend 
changes, if any, in the existing system. The detailed design of the proposed changes to the 
current distribution system and cost analysis is not within the scope of the study. 
 
1.5 Scope of the research 
The objective of this research is to analys supply versus demand and present the 
fundamental concept of hydraulics applied to Addis Ababa Science and Technology 
University water supply network, in  order for  project officials  of the university to  
a  better evaluation  and  decision  making of  water  distribution and  delivery systems.  
Therefore, the research work was limited to assess the water distribution network of 
campus water supply system in southern part of Addis Ababa and it mainly focus and 
was assess to identify the hydraulic performance. This was achieved with hydraulic 
modeling particularly Water GEMS software, and by made of discussion with the stake 
holder to gather relevant information in the subject area. 
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2   Literature Review 
                          
2.1 Water Distribution System 
                                  
2.1.1 Water 
Water systems generally serve cities as well as towns. They may also serve special 
residential communities, such as mobile home parks and universities, which have their 
own water supply (Salvato 2003). “The community water system is considered to be small 
if it serves less than 10,000 people”. Many times these communities lack the technical 
resources that can guide them to optimize and sustainably operate their water distribution 
systems. One other major problem area is that these small communities do not have 
sufficient data and records for the proper maintenance of their distribution systems. Lack 
of technical expertise causes failures and many of these communities can only fix 
problems and they continue to expand the existing systems without considering the 
reliability of the existing design. (National Research Council (U.S.). Thus, there is a need 
to evaluate the performance of distribution system of these towns to address the current 
and future issues related to their water distribution systems. The water distribution systems 
could balance demands for drinking water. If designed correctly, the systems of 
interconnected pipes, storage tanks, pumps, and regulating valves provides adequate 
pressures and adequate supply. If incorrectly designed, some areas may have low 
pressures, poor fire protection, and even health risks. (Haested methods, 1999). 
In water distribution system, the reliability of water with a constant flow rate should be 
available to customers throughout the design time. If water is not available in sufficient 
quantities it should be pumped for a short period of time and at high flow rate, to meet the 
various demand of customers. Accordingly, service reservoir/storage tanks usually 
provided in order to store water when the pumping rate is higher than the demand at 
low/night times. But, this can be also used in the case that the pumping rate is below the 
needed demand, since to equalize the pressure in the network (Hussni & Zyoud, 2003). 
 
In developing countries; many water authorities are facing the challenges in providing 
adequate water supply to the rapidly growing populations‟. Thereby, most of the existing 
water supply systems are unable to meet the various demands of water. Beside to this; 
poor management of the existing system components and utilities capacity shortages 
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were increases the level of water losses in the distribution system (Welday, 2005).Water 
utilities are facing the high level of water loss in their distribution networks. „For many 
utilities, reducing loss should be the first option to pursue when addressing low service 
coverage levels and increased demand for piped water supply. But, expanding water 
distribution networks without addressing water losses will only lead to a cycle of waste 
and inefficiency‟ (Frauendorfer & Liemberger, 2010). 
 
In general, using a computer model; assessing the hydraulic behaviors and evaluating 
the performance of existing towns‟ water distribution network are 
advantageous.Therefore, making hydraulic simulation software, especially from hydraulic 
point view using engineering approach is one of the method used for discussion and 
decision measure on the system, either is the system within level of service based on 
pressure consideration or not (Hussni & Zyoud, 2003). 
 
2.1.2  Types of water distribution system 
 
According to (Thomas, et al., 2003), the water distribution networks can classified as 
explained below; 
Branched system 
 
This network is also called a tree system. The water has only one possible path from the 
source to a customer. Thereby, these are applicable for small-capacity water suppliers, 
and are common in most developing countries. The advantage of these systems is the 
most economical because of its low cost, but it has some disadvantages as presented 
below; 
 
 Low reliability, affects all users especially located downstream of any breakdown 
in the system. So that, their water services were interrupted until the repairs are 
finished. 
  Fluctuating in water demand, producing rather large pressure variations in the 
system. 
 When there is a need for developing the network, new branches follow that 
development and new dead ends will be constructed. 
 It also danger of contamination during the network without water. 
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 Looped system 
As the name suggests, in looped systems it serves different paths that water can follow 
to get from the source to a particular customer. The systems are generally more desirable 
than branched systems because it coupled with sufficient valves and accessories, and can 
provide reliability in the water distribution. In these systems because of more than one 
path for water, the system capacity is greater and it improves the hydraulics of the 
distribution system. For example, consider a main break occurring near the reservoir in 
each system depicted in. In the looped system, that break can be isolated and repaired 
with little impact on customer 
2.1.3 Components of water distribution network 
Transmission and distribution mains 
In the water distribution system, piping system is often categorized as transmission/trunk 
mains and distribution mains (Thomas, et al., 2003); 
 
Transmission mains 
 
Transmission mains were consist of components that are convey large amounts of water 
over great distances, typically between major facilities within the distribution system. In 
most water supply system, transmission main are mainly used to transport water from 
treatment plant to service reservoirs/ storage tanks. Whereby, individual customers are 
usually not served from these mains. 
Distribution mains 
 
Distribution mains are an intermediate pipeline used to delivering water from 
transmission main to customers. The mains are smaller in diameter than transmission 
mains, and typically follow the general topology and alignment of the town streets. 
Different fittings such as elbows, tees, reducers, crosses and numerous other accessories 
are used in the main to connect pipes. While,other maintenance and operational 
appurtenances, such as fire hydrants and valves are also connected directly to the 
distribution mains. Further, services also called service line were laid and transmit water 
from the distribution mains to end customers. 
 
 
 
 
 7 
 
2.3.2   Reservoir and storage tank 
 
In the water distribution system, reservoir and storage tanks are mainly provided in order 
to meet the fluctuations of water demand and to stabilize pressure within the distribution 
system. Similarly, these components were reserve water for emergency requirements. 
Accordingly, the common reservoirs established in the water supply system are circular 
and/or rectangular types which build either from concrete or steel materials. And, the 
recommended locations of such facilities are mainly in elevated area beyond the center of 
service area (NRC, 2006). 
 
Pump Stations 
 
Pumps are used for convey energy to the water in order to boost water at higher 
elevations. Most pumps used in the water supply systems are centrifugal in nature, and 
are installed to improve the water distribution, if gravity is insufficient to supply water at 
an adequate pressure. So those, to control the operational condition of pumps switch-board 
were provided in the station (NRC, 2006; Chambers, et al., 2004). 
 
 
Accessory Equipment’s 
 
The accessory equipment in the water distribution pipelines can be classified as fittings, 
valves (such as; control valves, air release valves, pressure reducing valves, etc.), 
hydrants, drainage facility, flow meters, and etc. All these accessories have been 
installed at places were necessary for connecting the network, controlling and 
management of the system, and for maintenance purposes during failure is occur 
(Bhadbhade, 2009). 
2.1.4 Factors causing loss of hydraulic integrity in WDN 
 
In most of the developing regions, the design of water distribution systems is based on the 
assumption of direct supply, although most of these systems are intermittent systems 
which result in severe supply, insufficient pressure in the distribution system (pressure 
losses in several areas in the network), inequitable distribution of the available water and 
very short duration of supply‟ (Hussni & Zyoud, 2003). However, the purpose of hydraulic 
integrity in the water distribution system is to supply water at adequate/acceptable 
pressure and flow. But, according to (Chambers, et al., 2004; NRC, 2006; Thomas, et al., 
2003; Marta & Rudolf, 1987; Hickey, 2008; Dighade, et al., 2014) the most common 
factors for intermittent water supply and loss of hydraulic integrity in the distribution 
system are; 
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Low pressure 
 
However, there is pressure loss by the action of friction at the pipe wall and its magnitude 
also dependent on the water demand, properties of the fluid that is passing through the 
pipe, the speed at which it is moving, the internal roughness of the pipe,  pipe 
length, gradient and diameter of the pipe. Such situations may occur where there are: 
properties on high ground, remote properties at the end of long lengths of pipe, demands 
that are greater than the design demand, pipes of inadequate capacity (too small 
diameter), rough   pipes (e.g. corroding iron pipes or  pipes with a build-up  of sediment) 
and equipment failures such as pumps and valves. In general, poor pressures tend to be 
caused by inadequate capacity in a pipe or pump, high elevations, or some combination of 
the two (Chambers, et al., 2004).Therefore, one of the most hydraulic integrity is 
maintaining adequate water pressure inside the pipe. Hence, the water utilities should be 
achieving a high degree of hydraulic integrity through a combination of proper system 
design, operation, and maintenance along with good monitoring. 
 
High pressure during low demand conditions 
 
High pressure during low demand conditions can cause pipe bursting, leakage and large 
amount of water losses through the distribution networks. Therefore, when dealing with 
high pressures, PRVs should be used to reduce and regulate pressure in the system 
(Thomas, et al., 2003). Accordingly, pipes and pumps must be sized to overcome these 
problem and to provide acceptable pressure in the system. Although, sizing of control 
valves based on the desired flow conditions and pressure differential is vital (NRC, 2006). 
Pump Capacity 
 
A pump is device in which mechanical energy is applied and transferred to the water 
as total head, and these head is a function of flow rate through the pump (Tomas, et al., 
2003). While, the failure, location, size and capacity of pumps in water distribution are 
the major impacts for low flow or negative pressure raised in the system, and this can 
lead to intermittent water supply in the distribution system (Chambers, et al., 2004).There 
are many reasons and factors why a pump is not performing well in a certain situation of 
water distribution system. But, as per Marta & Rudolf, 1987; the important and possible 
reasons to less performing of pumps were identified as below; 
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 When the pump is of poor design and quality, 
 If it is not suitable for the given situation and does not work in its optimal range, 
 If the pump is not being used properly and maintained regularly (cleaning, etc.), 
 If the pump is excessively exposed to sun, rain, dust, etc., 
 If it is overused and was not repaired properly after a break-down and 
 If supply of spare parts is difficult 
Demand Increase 
Rising water demand as a result of population growth and urbanization has an effect on 
the availability and reliability of existing water distribution system. Therefore, water 
demands need to be assessed on the basis of considering the year and date supplying water 
through the distribution system. The primary objective is to make sure that the community 
is being serviced adequately. If there are deficiencies in meeting current or future goals 
because of population growth, this needs to be identified for the areas of the community 
where there may be inadequate flows to meet customer‟s consumption during peak hour 
water demand of the day (Hickey,2008). 
Operation and maintenance activities 
Water distribution systems are occasionally subject to emergencies or planned 
maintenance activities in which certain components become not workable and the system 
can no longer provide the minimum level of service to customers. Planned maintenance 
activities include supplies going off line (e.g., reservoir shutdown for inspection, cleaning, 
or repairs; installation of new pipe connections; pipe rehabilitation or break repairs; and 
transmission main valve repairs.) while, emergency situations include earthquakes, power 
failures, equipment failures, or transmission main failures. Therefore, all these activities 
can result in a reduction in system capacity and supply pressure, and changes to the flow 
paths of water within the distribution system (NRC, 2006). 
Therefore, lack of attention to the important aspect of operation and maintenance of 
water supply schemes were leads to deterioration of the useful life of the distribution 
systems. Further, as per Dighade, et al., 2014; some of the key issues contributing to the 
poor operation & maintenance have been identified as follows; 
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 Lack of funds, operation manuals and real time field information 
 Inappropriate system design and poor workmanship, 
 Overlapping responsibilities and inadequate training of personnel 
  Inadequate emphasis on preventive maintenance 
2.1.5 Performance Evaluation and Design criteria 
The performance of the system is measured based on its ability of the system to deliver 
good quality water at all the times under suitable set of operating conditions (Coelho, 
1997). This performance depends on a number of criteria. Planning of these systems is 
very important and the factors that need to be considered are as follows: 
 Design life of the system 
 Appropriate advantages of topographic features to reduce energy costs 
 Projected population growth 
 Projected industrial and commercial growth 
 Water consumption data       
 Minimum and maximum acceptable pressures. 
 Storage facilities (Swamee, 2008) 
Engineering of a good water supply system is very complex. Based on the above criteria, 
design period can be based on projected growth. Alternatively, for static populations like 
rural water communities the design period can be based on the life period of the pipes 
(Swamee, 2008). The Oklahoma Department of Environmental Quality has issued 
guidelines for public drinking water systems. As per these guidelines, if a community is 
being supplied with groundwater, it should have at least two water wells, or have a 
standby source which can provide adequate water supply.  Also, “if the town is supplied 
water only through the groundwater resource, then the capacity of the well must be equal 
to or greater than the design maximum day demand and the design average day demand, 
with the largest producing well out of service” (ODEQ, 2009). All pumping stations will 
have two pumps. In case of failure of one pump, the other pump should have a capacity of 
providing water during the peak periods in the day maintaining optimum pressures. All 
storage tanks should be able to provide enough storage facility to meet the regular average 
daily demands satisfying peak hourly periods but most importantly fire flow demands at a 
key location peak hours (Salvato, 1992). Generally, the peak hourly flow factors are 3 to 6 
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times the average daily flows (Haestad Methods, 2003).  
2.1.1 Basic Principles of Hydraulic Modeling: 
In hydraulic simulation modeling a distribution network is considered to be one in which 
all elements are connected to each other, every element is influenced by its neighbors, and 
each element is consistent with the condition of all other elements. These conditions are 
mainly controlled by two laws:  
Law of Conservation of Mass 
 
„The principle of conservation of mass dictates that the fluid mass entering any pipe 
will be equal to the mass leaving the pipe (since fluid is typically neither created nor 
destroyed in hydraulic systems). In network modeling, all outflows are lumped at the 
nodes or junctions.‟ (Thomas, et al., 2003) 
∑              --------------------------------------------------1 
Where   = inflow to node in i-th pipe (L
3
/T) 
            U = water used at node (L
3
/T) 
 
 
During extended-period simulations; a term to the accumulation of water at certain nodes 
are considered, because water can be stored and withdrawn from storage tanks [Tomas, et 
al., 2003]. 
∑           
 
  
    --------------------2 
Where  
  
  
 = change in storage 
Therefore, the concept to conservation of mass is applied to all junction nodes and 
tanks in a water distribution networks. 
 
 
 
 
 
 
 
 
 12 
 
Law of Conservation of Energy 
According to Bernoulli‟s equation; the principle of conservation of energy dictates 
that the difference in energy between two points must be the same regardless of the 
path that is taken. (Haestad Methods, 2003). 
Z1 +
  
  +
  
 
   +
∑   = Z2 +
  
  +
  
 
   +
∑   +∑  ----------------    3 
Where: Z=Elevation (m) 
P=pressure (kgm
-1
s
-2
) 
ɤ=fluid specific weight (kgm-1s-2) 
V=Velocity (m/s) 
g=Gravitational acceleration (m/s
2
) 
hp=head at the pump(m) 
hl=head loss in pipes(m) 
hn=head loss due to minor losses(m) 
2.1.2 Energy Losses 
There is a combination of several factors that cause the energy losses. The main reason of 
the energy loss is due to internal friction between fluid particles traveling at different 
velocities.  The  movement  of  any  fluid through  a conduit  results  in a resistance  to 
flow  and  this resistance  or energy loss is referred to as friction .The other reason causes 
energy loss is due to localized areas of increased turbulence  and  disruption  of  the  
stream  lines  such  as  disruptions  from valves and other fittings in a pressure pipe 
(Haested Methods,1999).The rate of losing energy a long a given length is called friction 
slope .It is usually presented as a unit less value, or in units of length per length (ft/ft, 
m/m, etc.) 
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Friction Losses 
Hazen-Williams equation and the Darcy-Weisbach equation are the most commonly 
methods used for determining head losses in pressure piping systems. The assumptions 
for a pressure pipe system can be described as the following: 
Pressure piping is almost always circular, so the area of flow, wetted perimeter,  and  
the  hydraulic  radius  can  all  be  directly  related  to diameter.- Through a given length 
of a pipe in a pressure piping system, flow is full, so the friction slope is constant for 
a certain flow rate. This means that the energy grade and hydraulic grade drop linearly 
in the direction of flow. The velocity must be constant, since the flow rate and 
cross-area are constant.  This means that the hydraulic grade line, and the elevation 
head, and the energy grade line. 
2.1.3 Head Loss 
Surface Resistance 
Head loss on the account of surface resistance, friction loss depends on: 
 
 Pipe length. 
 Coefficient of surface resistance, friction factor. Surface resistance is categorized 
as major loss. 
Form Resistance 
The form-resistance losses are due to bends, elbows, valves, enlargers, reducers, and so 
forth categorized as minor loss. Minor losses are a result of localized areas of increased 
turbulence and are frictional head losses, which cause energy losses within a pipe. A 
drop in the energy and hydraulic grades caused by valves, meters, and fittings, the value 
of these minor losses is often negligible relative to friction and for long pipes, and 
they are often ignored during analysis. 
Minor head losses (also referred to as local losses) can be associated with the added 
turbulence that occurs at bends, junctions, meters, and valves. The  importance  of  
such  losses  will  depend  on  the  layout  of  the  pipe network and the degree of 
accuracy required. 
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Head Loss Equations 
There are three main head loss equations. Head loss equations and their application 
area as shown from figure 1. 
  Darcy Weisbach                               
   Colebrook White                                
  Hazen Williams                                
  Swamee Jain   
 Manning 
 
Figure 1: Head loss equations and their application area Source: (Bentley, 2008) 
 
2.1.4 Water Distribution Simulation 
Simulation refers to the process of imitating the behavior of one system through the 
functions another. In our case, the term simulation refers to the process of using a 
mathematical representation or real system, called a model. (Bentley, 2008). 
 
Simulation can be used to predict system responses to under a wide range of conditions 
without  disrupting  the  actual  system,  and  solutions  can  be  evaluated  before  time, 
money, and materials are invested in a real-world project. There are two most basic types 
of simulations that a model may perform, depending on what the modeler is trying to 
observe or predict. These are: 
 
 Steady state simulation. 
 Extended period simulation (EPS). 
Steady State Simulation: represent a particular view of point in time and are used to 
determine the operating behavior of a system under static conditions. . It compute the 
hydraulic parameters such as flows, pressures, pump operating characteristics, and others 
by assuming that demands and boundary conditions were not change with respect to time. 
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In general, this type of analysis was used to determining the short-term effect of demand 
conditions on the system (Thomas, et al., 2003). 
It computes the state of the system (flows, pressures, pump operating attributes, valve 
position, and so on) assuming that hydraulic demands and boundary conditions do not 
change with respect to time. A steady-state simulation provides information regarding the 
equilibrium flows, pressures, and other variables defining the state of the network for a 
unique set of hydraulic demands and boundary conditions as shown from Figure 2. 
 
Figure 2: Flow chart for steady state 
Source (Bentley, 2008) 
Extended Period Simulation is determining the dynamic behavior of a system over a 
period of time, and it analyze the system on assumption that the hydraulic demands and 
boundary conditions were change with respect to time. Hence, „extended period analysis 
used to evaluate system performance over time and allows the user to model pressures 
and flow rates changing, tanks filling and draining, and regulating valves opening and 
closing throughout the system in response to varying demand conditions and automatic 
control  strategies  formulated  by  the  modeler as shown from Figure 3.Therefore, 
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regardless of project size, model-based simulation can provide valuable information to 
assist an engineer in making well-informed decisions (Thomas, et al., 2003). 
 
 
 
Figure 3: Flow chart for extended period simulation 
Source (Bentley, 2008) 
Water GEMS 
Water GEMS provides and allowing modeling practically for any distribution system 
aspect. The SCADA Connect Simulator for WaterGEMS V8i application consists of some 
tools that someone, who is not necessarily a hydraulic modeler, can use to run a Water 
GEMS model to simulate the performance of a water system and evaluate the response of 
the system to various operational changes. It is intended to enable a water distribution 
system operator to have access to much of the functionality of a sophisticated hydraulic 
model without the need to learn many of the work flows which are not needed by the 
operator. In particular, the operator would not be concerned with creating or calibrating the 
model as this should be done before the model is made available to the operator. (Bentley 
WaterGEMS V8i User‟s Guide)                                                                        
 The hydraulic analysis at a steady-state or an extended-period simulation 
 Pressure, flow and demands in the system and  to see how behaves over time, 
 The size of pipes, pump and computer system head curves, 
 Tank, pump and valve behavior in the system 
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2.1.5 Modeling a system using Water GEMS 
Water GEMS is hydraulic simulation software, distributed by Bentley Systems. Once 
the spatial model is built, the parameters that need to be defined for each model 
components include: 
After all the parameters required to run the simulation are entered into the model, the 
successful simulation run provides solution for the following: 
 Pressure at every single element in the system 
 Flows at every point of time in the system 
 Velocities in the pipes 
 Levels in the tanks 
 Pump cycles 
 Water age and constituent concentration 
 
Additionally it has the capability of performing the analysis of the system for the steady 
state scenarios and for an extended period of any length. The other capabilities of the 
software are as follows: 
 Evaluate the hydraulics for different demands at a single node with varying time 
patterns 
 Solve for different frictional head losses using Hazen-William, Darcy-Weisbach 
or the Chezy-Manning equations “Can determine immediate inefficiencies in the 
system” (Haestad Methods 2003) 
 Determine fire flow capacities for hydrants 
 Model tanks, including those which are not circular 
 Model various valve operations 
 Provides control based operations 
 Perform energy cost calculations 
 Model fire sprinklers, irrigation systems, leakages and pressure dependent 
demands at any particular node (Haestad Methods 2003) 
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2.1.6 Assembling a Model 
A  water  distribution  model  is  a  mathematical  description  of  a  real-world  system. 
Before building a model, it is necessary to gather information describing the network 
(sources of data used in constructing models).Model skeletonization is the process of 
simplifying the real system for model representation,  and  it  involves  making  
decisions  about  the  level  of  detail  to  be included. Below are several considerations 
for water distribution modeling that should be weighed while assembling our model 
components and developing your schematics. 
 
 Potential large water consumption; 
 Important loops; 
 Large diameter pipes; 
 Pumps, towers, tanks; and topography. 
 
System Maps 
System maps are typically the most useful documents for gaining an overall 
understanding of a water distribution system because they illustrate a wide variety of 
valuable system characteristics. (JeffreyA.Gilbert, 2012). System maps may include 
information such as: 
 
 Pipe material, diameter, and so on; 
 The locations of other system components, such as tanks and valves; 
 Pressure zone boundaries; 
 Elevations; and 
 Background information, such as the locations of roadways, streams, and so on. 
 
Topographic Maps 
 
A  topographic  map  uses  sets  of  lines  called  contours  to  indicate  elevations  of  the 
ground surface. By superimposing a topographic map on a map of the network model, it 
is possible to interpolate the ground elevations at junction nodes and other locations 
throughout the system. Of course, the smaller the contour interval, the more precisely 
the elevations can be estimated. 
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2.2 Water Distribution Modeling 
 
2.2.1 Modeling  
A model is a tool that can be used to determine the likely response of a system to a given 
set of stimuli without having to actually impose those stimuli on the system. Today, water 
distribution modeling is a critical part of designing and operating water distribution 
systems that are capable of serving communities reliably, efficiently, and safely, both 
now and in the future (Jeffrey A.Gilbert P.E,2012).With  today‟s  technology  and  
expedient  software  packages,  we  are  able  to  model  a system relatively quickly and  
saves us from the repetitive iterations that determine the flows and pressures. 
2.2.2 Water demand modeling 
The first question in the design and operation of water distribution network is how 
much water is needed? The answer to this question is difficult because the required 
water is a function of various factors. While, some of   the factors   are completely 
independent and time varying. Therefore, water demand modeling is one of the most 
important challenges in the design of water distribution network, since it reflects the 
changes in population, climate, land use, the number of service connections and customer 
life style (Jalal, 2008). 
 
2.8.1 Demand modeling approaches 
 
In the water distribution system, there are two main approaches for water demand 
modeling (Jalal, 2008). 
 
 
Deterministic water demand estimation: In this approach, the actual water demand for 
all users is estimated based on predicted water consumption over the service time. One 
simple approach for deterministic water demand is estimating individual needs based 
on type of customers and their activities and finally adding these lead to get total water 
demand. For example, the water demand can be estimated on the basis of per capita 
demand in small urban areas (Jalal, 2008). 
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Stochastic demand forecasting: this method mostly considers and adopts the uncertain 
fluctuations on demand over time and location spans. Risks and sensitivity of forecasts 
such as the consequence of total loss of supply and the effect of variations in rates income 
should be considered and included. Hence, Demand estimation based on historical 
consumption per user category (domestic, industrial/commercial) and expected changes 
(increasing or decreasing) in user category over the forecasting period is good example 
of stochastic demand forecasting (Jalal, 2008). 
Seasonal Variation: Water demand varies from season to season. In dry season the water 
demand is maximum, because the people will use more water for bathing, cooling, lawn 
watering and street sprinkling. While, demand will becomes minimum in rainy/wet 
season because less water is used in bathing and there is no lawn watering. Therefore, 
maximum day water demand is considered to meet water consumption changes with 
seasons and it used to size source, treatment plant and rising mains. Hence, maximum 
day demands can be obtain by multiplying the average-day demands to the peaking 
factor 
                                            ------------------------------------------------------4 
WHERE       =maximum day demand (cfs, m
3
/s) 
                 PF=peaking factor between maximum day demand and average demand 
                  Qavg =average day demand (cfs, m
3
/s) 
Daily demand this variation is mainly depends on the general behavior of the people, 
climatic conditions and character of city as industrial, commercial or residential. More 
water demand is on Sundays and holidays due to more comfortable bathing, washing 
etc. as compared to other working days. Accordingly, Average daily water demand is 
the sum of the domestic, non-domestic and NRW which is used to estimate the 
maximum day& the peak hour demand (Venkateswara, 2005). It expressed as 
economic calculations 
       Qavg=Percapita water consumption *Total population--------------------5 
      Where Qavg =average day demand (cfs, m
3
/s) 
Hourly variation  
In most developing counties the maximum hour water demand is happen during morning 
and evening time over 24 hour, because in these time most people use water for bathing, 
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washing and cooking purpose. Therefore, peak hour demand is the highest demand of any 
one hour over the maximum day. And it represents the hourly variations in water demand 
resulting from the behavioral patterns of the local population (Venkateswara, 2005). 
             -----------------------------------------------------6 
Where       = maximum hour demand (cfs, m
3
/s) 
                   PF=peaking factor between hour day demand and average demand 
                  Qavg = average day demand (cfs, m
3
/s) 
Baseline demands 
The most common method of allocating baseline demands is a simple unit loading 
method. This method involves counting the number of customers (hectares of a given 
land use, number of fixture units, or number of equivalent dwelling units) that contribute 
to the demand at a certain node, and then multiplying that number by the unit demand 
(for instance, number of gallons/ liters per capita per day) for the applicable load 
classification (Thomas, et al., 2003). 
 
Therefore, average day demand was used to estimate the baseline demand and other 
demand in the water distribution system including unaccounted-for water. Hence, most 
modelers determine the water demand analysis of a given town by applying baseline 
demand to a variety of peaking factors and demand multipliers (Bhadbhade, 2009). 
 
2.8.4   Demand diurnal pattern and multipliers factors 
 
The variations in water usage for water supply systems typically follow a 24-hour 
cycle. However, in reality, water demand varies over time and for extended period 
simulation to reflect the dynamics of the real system, these demand fluctuations must be 
incorporated into the model and it requires both baseline demand data and information 
on how demands vary over time. These demands can be determined by applying a 
multiplication factors or a peaking factor. Multiplication/ Peaking factors from average 
day to maximum day tend to range from 1.2 to 3.0, and factors from average day to peak 
hour are typically between 3.0 and 6.0. Of course, these values are system-specific, so it 
must be determined based on the demand characteristics of the system at hand (Thomas, 
et al., 2003). 
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Therefore, When more than one demand type is served by a particular junction, the total 
demand for a junction at any given time is equal to the sum of each baseline demand 
times with its respective pattern multiplier, and it is used in most software packages 
to assign a different pattern to the different components of the composite demand as per 
below [Thomas, et al., 2003]. 
     ∑            ----------------------------------------------7 
Where       =total demand at junctions i at time t (cfs, m
3
/s) 
                      =baseline demand for demand type j at junction j (cfs, m3/s) 
                        = pattern multiplier for demand type j at time  
2.3 Calibration and validation 
Model calibration is the process of fine-tuning a model until it simulates field conditions 
for a specified time horizon to an established degree of accuracy‟. Fine-tuning includes 
making minor adjustments to the input data to achieve the desired output data (Gregory, 
2002). Therefore, model will not be hundred percent correct and to be calibrating it must 
be accurately simulate the observed data. So that, calibration is a major portion of 
modeling process and proper calibration were achieved through accurate field data. 
Further, according to Thomas, et al. 2003; hydraulic model calibration is the necessary 
process of modeling and it is calibrated in order to have better confidence, understanding 
and identifying errors made during the model-building process. 
 
2.3.1 Pressure calibration 
 
Collecting pressures data throughout the water distribution system used to indicate the 
level of service. Pressure readings are done using pressure gauge commonly taken at 
pump stations, storage tanks, reservoirs, fire hydrants, home faucets, air release and other 
types of valves. However, different factors can contribute to deviation between model 
simulation and actual field data. Therefore, „calibration can be accomplished by 
adjusting only internal pipe roughness values or estimates of nodal demands until an 
agreement between  observed and computed pressures and flows is obtained. The basis 
for this claim is that unlike pipe lengths, diameters, and tank levels, which are directly 
measured, pipe roughness values and nodal demands are typically estimated, and thus 
have room for adjustment (Thomas, et al., 2003). 
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2.3.2 Acceptable levels of calibration 
 
According to (Thomas, et al., 2003), regardless of which approach to calibration is 
adopted a realistic model should achieve some level of performance criteria. 
Accordingly, outlines the criteria for pressure through extended-period simulations has 
been established. 
Pressure criteria 
 
1)  85% of field test measurements should be within   0.5 m or   5 % of the 
maximum head loss across the system, whichever is greater. 
2)  95% of field test measurements should be within    0.75 m or   7.5 % of 
the maximum head loss across the system, whichever is greater. 
3)  100% of field test measurements should be within   2 m or   15 % of the 
maximum head loss across the system, whichever is greater. 
 
 
2.3.3 Pump Capacity  
Pump is a device that adds energy to the system in the form of increasing hydraulic 
grade to water. In water distribution systems, the most frequently type of pump is the 
centrifugal pump.   
Accordingly, the performances  of these centrifugal pumps are function of flow rate, 
and are described by the following four parameters listed as below (Thomas, et al., 2003); 
 Head: Total dynamic head added by pump in units of length 
 Efficiency: Overall pump efficiency (wire-to-water efficiency) in units of percent 
 Brake horsepower: Power needed to turn pump (in power units) and 
 Net positive suction head (NPSH): Head above vacuum (in units of length) 
required to prevent cavitation.  
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Figure 4: Pump efficiency curve [Source: Haestad Methods
 25 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                              
                         
 
 
             YES                                                     NO  
 
 
 
 
 
 
 
 
 
 
 
 
Total population 
Identify the problem in the system 
Figure 5: Research framework 
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3 Materials and Method 
3.1 Description of the Study Area 
3.1.1 Location of study area 
The study area, Addis Ababa science and Technology University (AASTU) is 
geographically situated at 8º 53‟30‟‟N and 8 52‟30‟‟N latitude and 38º 47‟30‟‟E and 38º 
49‟0‟‟ E longitude with elevation of 2148 meter above sea level .The relative location of 
AASTU campus is in the southern part of Addis Ababa which is the capital city of 
Ethiopia through the road taken to Akaki Kality sub city with the specific name of 
Klinto and specifically found in woreda (district) 9 beside Klinto prison as shown from 
Figure 5. According to the registrar statistics the last census population data of campus 
was 8015 for the year 2008 G.C.  
 
 
 
                                                                                                            
                                                                                                                
 
                                                                                                                                                       
                                                                                                                                                                                       
                                                                                                                                                                                                                  
Figure 6 : Study Area Location Map 
3.1.2 Topography and slope 
The area is bounded by two streams in the north and south. The university compound 
is flat to  undulating  with  a  general  slope  of  about  3%  from  west  to  east.  
Elevation of the compound varies from 2117 to 2192. 
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. 
3.1.3 Climate 
Rainfall is characterized by a bimodal rainy season having main rain and small rain 
season. The main rainy season has three months of duration (July, August September) on 
the other hand the small rainy season extends from March-April. The annual rainfall of 
the town is highly variable and ranges from as little as 850 mm to as much as 1200 mm. 
The mean maximum and minimum monthly temperature is 270 C and 100 C. The annual 
pan evaporation is about twice the average annual rainfall.     
3.1.4 Population  
The base or current population of the university 8015.The following assumptions is 
made based on Addis Ababa Science and Technology University population dynamics. 
 Students number will increase by 2300 every five year 
 Supporting Staff number will increase by 200 every five year 
 Gardening Demand - 1 mm/day for the 47.7 ha of the garden area 
 Construction Demand - 10%  will decrease by 2% every 5year 
 Design Period  - 20years (Abay consulting,2015)                              
3.1.5 Existing Water Supply System Description 
As  per  information  obtained  from  campus  project  office,  the  design  report  was 
prepared by Abay Engineering and existing water supply has been obtained from 
AAWSA four years ago. But AASTU obtained its water from AAWSA in the late 2012 
year 400 m3/day [preliminary studied by Selamawit Mulugeta, 2015].  
 
The Addis Ababa Water and Sewerage Authority (AAWSA) is a public institution in 
the city, which is responsible for the supply of potable water for AASTU campus and 
AASTU purchased its water from the Akaki Water Bureau (AWB) through the district of 
Klinto water system. The indicator for measuring the level of water consumption is 
determined by the amount of water consumed per capita per day (l/c/d). Water 
consumption of AASTU is a function of availability, holidays, climate conditions, and 
affordability. In the system, water is distributed to consumers from the three means of 
water supply distribution which means such as gravity distribution, distribution by means 
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of pumps with storage and use of pump without storage, from these all types of water 
distribution system AASTU consider both the gravity type of distribution and pump 
with storage distribution.    
Mode of services 
According to the project office reports and observed information, from the four major 
modes of services of domestic water consumers for town only shared connections was 
found in Addis Ababa Science and Technology University. 
Distribution System  
The Addis Ababa Science and Technology University water supply distribution system 
is composed of various pipe materials in sizes up to 250 mm to 32 mm diameter. The 
total length of piping in the service area is approximately 10174m.Pipe materials 
include HDPE and the distribution system is completely HDPE pipe as shown from 
Table 1. The system components are service reservoir, pumping stations and accessory 
equipment (Abay Consulting Engineering, 2015). 
Table 1: Pipe length and diameter 
No Pipe diameter   (mm) Pipe length (m) 
1 40 213 
2 50 2263 
3 63 172 
4 65 622 
5 75 609 
6 100 752 
7 150 2250 
8 250 3294 
        
                           Source: Abay Consulting  
Pressure Zones  
Pressure zone boundaries are defined by ground topography in order to maintain service 
pressures within an acceptable range for all customers in the zone. The hydraulic grade 
line (HGL) of a zone is designated by overflow elevations of water storage facilities, 
discharge pressure of pump stations, elevated tank and AASTU‟s existing distribution 
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system had only one active pressure zone which is service ground reservoir and 
undergoing borehole construction project by wegerit consulting. 
Storage Reservoirs 
AASTU‟s water system has two reservoirs with a total combined storage capacity of 
approximately 1050 m
3
and those two existing storage reservoirs are ground service 
reservoir and elevated tank (reservoir) which contain the volume of 1000 m3 and 50 m
3
 
respectively as shown from Figure 7a and b. 
 
         a) Service ground reservoir                                                 b) Elevated tank 
Figure 7: Service ground storage 1000m
3
   and elevated tank 50 m
3
 
Pump Stations 
AASTUs‟ campus water supply distribution system includes two booster pump stations, 
the existing Pump Station as shown from Figure 8a and the new under construction 
borehole Pump Station. The existing pump station is located in AASTU campus adjacent 
to the ground reservoir and houses the three pumps with an approximate total capacity of 
164 meter cubic per hour (m3/hr.). This station provides constant pressure service and 
the gate valve controlled zone as shown from Figure 8b.  
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        a) Pump house                                            b) Pump station 
Figure 8: Pump house and Pump station 
Types of water supply distribution systems 
From the four types of water supply distribution systems AASTUs‟ water supply 
distribution system is a loop type system. The maintenance operation did not affect the 
interruption on the whole area as in the branching system and this type of layout is 
highly desirable because, for any given area on the grid, water can be supplied from 
more than one direction.  
3.2 Materials  
3.2.1 Source of data 
The source of data was involved both primary and secondary data. For the study, the 
primary data were obtained from pressure reading and by made of discussion with water 
utility staff members to obtain additional relevant information on the subject 
matter. While, secondary data were collected from different literature reviews, design 
report, the town water supply service office existing documents and annual reported 
papers. 
3.2.2 Equipment’s used for this thesis work 
 
GPS instrument was used to collect the required elevation data during pressure reading. 
Pressure readings were done using pressure gauge which is commonly taken in the 
selected points of distribution system. 
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3.2.3 Software: Water GEMS 
Model is something that represents things in the real world. Computer model uses 
mathematical equations to explain and predict physical events. Modeling of water 
distribution systems can allow determining system pressure and flowing rate under a 
variety of different conditions without having to go out and physically monitor the 
system (Dawe, 2000). 
Water GEMS is a state-of-the-art software tool and, primarily uses in the modeling and 
analysis of hydraulic and water quality modeling application of water distribution 
systems. But, the methodology is applicable to any fluid system with different 
characteristics, such as: steady or gradually-varying turbulent flow (Water GEMS: User 
Manual). 
WaterGEMS is a hydraulic and water quality modeling solution for water distribution 
systems with advanced interoperability, geospatial model-building, optimization, and 
asset management tools. From fire flow and constituent concentration analyses, to 
energy consumption and capital cost management, WaterGEMS provides an easy-to-
use environment for engineers to analyze, design, and optimize water distribution 
systems as shown from Figure 9. 
 
Stand-alone, ArcGIS, Micro Station and AutoCAD environments within one single 
product 
WaterGEMS users can enjoy the easy-to-use Windows stand-alone interface or choose 
to work directly inside ArcGIS, Micro Station, or AutoCAD. Utilities and consultants 
can share a single dataset using different interfaces, and modeling teams can leverage 
the skills of engineers from different departments. Engineers can flatten learning 
curves by choosing the environment they already know and provide results that can 
be visualized on multiple platforms (Bentley, 2006). 
Optimized model calibration, design, and operations 
WaterGEMS includes state-of-the-art genetic algorithm optimization engines for 
automated calibration, design, and rehabilitation.Darwin calibrate lets users quickly 
find a calibration hypothesis that best matches measured flows, pressures, and 
element status. This empowers users to make reliable decisions based on accurate 
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hydraulic simulation of the real world, which is the most important reason to invest in a 
water distribution model. Darwin Calibrator evaluates millions of possible solutions to 
return the best possible calibration hypothesis. (Bentley, 2006).Darwin Designer 
automatically finds maximum-benefit or minimum-cost designs and rehabilita tion 
strategies, based on capital investment, reposition cost, and pressure and velocity 
constraints. Engineers can also manage infrastructure capital cost, and analyze energy 
consumption to identify the most energy-efficient pump scheduling strategy. 
(Bentley, 2006). 
 
Figure 9: water GEMS screen display 
3.4.4   Additional software 
 
ArcGIS was used to display the overlapped shape file of the distribution network 
on the topographic map of the campus. While, Microsoft Excel sheet were used to 
organize elevation data, to calculate a repeated work of nodal base water demand 
requirement of distribution network simulation and for manual pressure validation work. 
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3.3 Method 
3.3.1 Data source and collection 
The most important step in any research study is data collection. Primary and secondary 
data are used and collected from different sources.  For primary data house hold 
survey and direct observation were employed. On  the  other  hand, the  major  source  
of  secondary  data  include  design document in AASTU, inventories from Addis 
Ababa Science and Technology University and related literature. Information on 
organizational structure, manpower situation, design  and  water  system  detail  were  
collected  from  design  document  and related   literature. In order to carry out the 
analysis and simulation of water network, the following information was obtained from 
the records of the various units and departments of the university. These data include: 
a) the population data (Students Affairs, Registrar, Finance, Housing and Academics 
Affairs Units) (b) Water Supply Records 20012 to 2016 (AAWSA) (c) General layout 
map of the University, Existing water distribution layout map and elevations of water 
distribution nodal points (project office) and Policy and related   information were 
collected   from proclamation, regulation, guideline and strategies as a secondary 
document. Data collected from House hold revealed attitude and knowledge towards 
scarce resource, level of participation as stake holder and their satisfaction level toward 
the service. In building the model of the distribution network, the data were first 
gathered regarding all the distribution system parameters was summarized in Table 2. 
Table 2: Preliminary Information of the distribution system for AASTU 
Distribution 
System Type  
                     Data gathered  
Water 
reservoir type  
This type of reservoir is circular ground steel reservoir which 
contains 1000m
3 
 
 
  Pump 
stations 
 
There is only one working pumping station near to ground service 
reservoir which has a capacity or rating of 82m
3
/hour for each pump 
and one undergoing pumping station construction. 
Height :34m 
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Elevated tank  
Tank :located inside AASTU campus  
Storage capacity :50m
3
 
Height :23.5m(from ground) 
Tank height :2m 
Pipelines  Detailed drawn maps showing the distribution network classified 
by line sizes were provided by the AASTU 
Hydrant  The location of the fire hydrant is not shown on the map  
Water 
supplied by 
AAWSA 
Average daily use 400 m
3
/day 
 
3.3.2 Existing Data 
Existing available data describing the system have been gathered to generate the system 
water distribution modeling. 
 
I.   From the system map of the network, the following information was available and 
collected from AASTU project office coordinators. The water distribution network is 
available in Autodesk format and the following system information was obtained:- 
 The existing water distribution network Layout in dxf format 
  Pipeline data like material size, and length. 
  Locations of reservoir, tank and valve in the network. 
Background information such as: 
 
 Addis Ababa Science and Technology University roadways by Google earth 
 AAWSA branch pressure zone boundary. 
II. Tank information has been taken from Addis Ababa Science and Technology 
University that has been done before for an old existing water supply distribution. The 
information is about the tank diameter, base elevation, minimum elevation, initial 
elevation and maximum (over flow) elevation, use Table 3. 
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Table 3: Tank Information of the system 
 
S.No. 
 
Label 
Base 
Elevation 
(m) 
Tank 
Diameter 
(m) 
Minimum 
Elevation 
(m) 
Initial 
HGL 
(m) 
Maximum 
Elevation 
(m) 
1 
 
 
Tank 
 
2186.69 5.74 2186.99 2187.69 2188.69 
                  
III. Pump information, like head and discharge have been taken from AASTU project 
office coordinator. A design point (1 point) type of pump head definition has been used 
in the modeling due to the available data of pumps head and design discharge. The data 
are available in Table 4. 
Table 4: Pump information 
Pump 
station  
      
Pump Data 
No. Flow(l/s) Head (m)   
1.Clinto  Design 
flow 
Max. 
flow 
Design 
head 
shutoff Delivered to Pump position 
 5 9 26 34.67 Elevated  tank Working  
 
 
IV. Darcy coefficients have been applied by adopting values calibrated for measuring 
the flow of pipelines having different age, diameter and type of materials. Darcy formula 
is selected because it is commonly used in the design and analysis of pressure pipe 
systems and the available Hazen-Williams coefficients from the previous project.The 
results of the previous project are shown in Table 5. 
      Table 5: Measured Hazen-Williams Coefficients  
 
Construction year 
 
Diameter of Pipe 
 
(mm) 
 
Type of material 
 
Darcy Weisbach 
   2012             250          HDPE          150 
 
                                      (Source: Abay consulting) 
 
V. From topographic map, contour lines with an interval of one meter and five meter 
have been collected.   
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Distribution Main 
The capacity of main distribution grids is determined by the peak hour demand. 
 
3.3.3 Water Source 
AASTU draws the entire of its water supply from the AAWSA. Supplemental water 
supply will be provided from the new borehole which is under construction. The 
AASTU has no an emergency connection such as fire hydrant. Based on current water 
system operations, the university should plan for adequate supply capacity to provide 
maximum day demand from both AAWSA and borehole. Storage capacity in the 
university reservoir and supplemental supply from borehole should provide adequate 
water.              
3.3.4 Service Pressure 
Water distribution systems are separated by ground elevation into pressure zones in 
order to provide service pressures within an acceptable range to all customers. 
Typically, water from a reservoir was serve customers by gravity within a specified 
range of ground elevations so as to maintain acceptable minimum and maximum water 
pressures at each individual service connection. When it is not feasible or practical to 
have a separate reservoir for each pressure zone, pump stations or pressure reducing 
valves are used to serve customers in different pressure zones from a single reservoir. 
The maximum service pressure limit is 70 m as required by the EBSC-9 Code as shown 
from Table 6. The desired service pressure range under normal operating conditions is 
15 to 70 m. Conformance to this pressure range may not always be possible or practical 
due to topographical relief, existing system configurations and economic considerations.                
 
Table 6: Ethiopian building standard code-9 
Service Pressure Criterion Pressure (m) 
Normal Range under ADD conditions 15-70 
Maximum 70 
Minimum under MDD conditions + Fire 
Flow 
15 
Minimum under PHD conditions 85% of normal, not less than 20m 
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3.3.5 Population 
In order to predict future population, as correctly as possible it is necessary to know 
factors affecting population distribution, size and growth rate of a certain respective 
(AASTU) as done by Abay consulting. The major factors that accounts for changes in 
population dynamics and development activities. All these factors are influenced by 
social & economic factors and conditions prevailing in various communities among 
which important ones are: - 
 Planning practice 
 Spread of education 
 Development & advancement of Medical facilities 
 Commercialization of a AASTU 
 
But in addition to the above factors some elements taken into consideration in 
population prediction are economic activities in and around AASTU, availability of 
potential natural resources including land for development, topographic suitability, and 
status of the AASTU in the region (Condominium).  
3.3.6 Current Water Demand 
Water demand refers to all water required by the system including residential (students 
dormitory), commercial (shops) and institutional (staffs) uses. Demands are described 
using three water use scenarios such as average daily demand, peak hour demand and 
maximum day demand, in cubic meter per day. Maximum day demand is the total 
annual water volume used in the system divided by 365 days per year. Maximum day 
demand is the largest 24-hour water volume for a given year and usually occurs two 
times in each year between from mid-September - January 30th and from mid-February 
to June 30th. This timeframe is referred to as the peak season. Water demand can be 
calculated using either water consumption or water production data.  
3.3.7 Water Demand by Pressure Zone 
As described under Pressure Zone, water systems were divided into pressure zones in 
order to provide adequate service pressure to customers at different elevations. Each 
pressure zone is served by specific facilities, such as, reservoirs or pump stations and 
related piping which supply pressure to customers. In order to assess the sufficiency of 
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these facilities, it is necessary to estimate demand in each pressure zone. Current water 
demand estimation is based on existing demand done by Abay Consulting. 
3.3.8 Base population and Population projection 
According to the design criteria for urban water supply projects domestic water demand 
for the university compound is taken as 60 lpcd[EBSC-09] and Per Capita Water Demand 
Growth Rate per annum (%) - 2.5.The current recorded population figure of AASTU 
campus was based on the total counted population figures found from registrar and 
human resource in 2015 was 8015. The maximum projected population of study area for 
2035 year would be 16400 as shown from Table 7. 
Table 7: Projected population 
Description Unit 
Year 
2015 
Year 
2020 
Year 
2025 
Year 
2030 
Year 
2035 
Population projection No. 8015 8900 11400 13900 16400 
Domestic Demand  LPCD 60 75 77 79 81 
Average Domestic m3/day  704 1003 1317 1647 1991 
Construction demand m3/day 70 80 79 66 40 
Gardening(A tot = 47.7 ha) m3/day  159 159 159 159 159 
Total Demand m3/day 933 1243 1556 1871 2190 
Climatic Adjustment factor   0.9 0.9 0.9 0.9 0.9 
Socio-economic adjustment factor   1.1 1.1 1.1 1.1 1.1 
Total adjusted demand m3/day 882 1174 1470 1768 2070 
Commercial demand (15%) 3 132 176 220 265 310 
Total Domestic and non-domestic 
demand m3/day 1014 1351 1690 2034 2380 
UFW (15 %) m3/day 152 203 254 305 357 
Total average water demand m3/day 1167 1553 1944 2339 2737 
  lit/Sec 13.5 18 22.5 27.1 31.7 
Maximum day factor   1.2 1.2 1.2 1.2 1.2 
Maximum day demand m3/day 1400 1864 2333 2807 3285 
  lit/Sec 16.2 21.6 27 32.5 38 
Peak Hour Factor   2 2 2 2 2 
Peak Hour Demand m3/day 2333 3106 3888 4678 5474 
  lit/Sec 27 36 45 54.1 63.4 
 
Water supply and demand gap between production and demand=S upply–Demand= 
(400-1167) m
3/
day= ( -767) m
3
/day. Negative sign indicates that additional water quantity 
required in the system per day to meet the subsystem supply and demand gap. 
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3.3.9 Existing Water Supply System Gap Identified 
The existing water supply to A A S T U  system was 400 m3 /day.  This  water  is 
supplying  in  the  study  area  at  both  24hrs  and  12hrs  at  lower  and  higher  
elevation  area respectively.  Hence the total demand including the UFW in the system is 
1167m
3
/day for supplying water 24hrs. To fill the gap additional 767 m
3
/day amount of 
water is required to fulfill the supply shortage and demand the campus water supply 
system. 
     
3.3.10 Hydraulic simulation 
 The steps were: 
 Hydraulic Modeling using Water GEMS 
 Assigning water demands to each node 
 Assigning roughness coefficients to pipelines 
 Assigning demand patterns or peak factors 
 Data Entering 
 Model Representation 
 Model Calibration and Validation 
 Data Analysis and Presentation 
Each of the following sections will discuss the above steps in detail. 
 
3.3.11 Hydraulic modeling in Water GEMS 
This section describes how all the model parameters, scenarios and alternatives 
necessary to run the model were set: 
Pressure and Velocities 
The design criteria used in the design of pressure zone boundaries, nodal pressure 
during the period of peak demand, and optimum velocities of the transfer and 
distribution mains are as follows: 
 
Velocities in the Mains 
 
 Maximum velocities of distribution mains < 2.5 m/s. 
 Minimum 0.6 m/s. 
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Hydraulic Calculations 
 
Based on the Hazen William formula and friction factor of C = 120. 
 
Pressure 
Minimum static head is 15 m, which can supply a 4-storey building from the 
distribution system. 
 Maximum static head within a pressure zone was limited to 60 m. 
 Minimum dynamic head was established at 15 m. 
 
Setting Pump data 
There are three pumps. The discharging capacity of those pumps was 82 m
3
/hr. for each 
pump and the pump were discharging water to an elevated tank up to 34 m height. Since 
this is the only information available on the pumps, they were assumed to be located at 
an elevation of 2164.18m above the mean sea level. The most important parameter 
simulating the operation of the pumps is the pump curve. The information regarding the 
manufacturers was unknown, therefore suitable pump curves for the flow and the head 
required were found. (Flint and Walling, 2009). 
Assigning base demands to each node 
Each node was assigned a demand manually. In the Properties Editor of the nodes, under 
the Demand option, the user can click on the ellipsis (...). Then a window opens which 
shows demand in L/s and demand pattern. The value of the base demand was entered 
under the demand column for all the nodes. 
Assigning roughness coefficients to pipelines 
Hazen-William roughness factors were used to incorporate frictional losses. Water 
GEMS has an engineering library where different friction factors for different pipe 
materials are stored. In the Properties Editor for pipes one can select the pipe material. 
The attribute tables for pipe lines shape file had the information regarding the pipe 
material. By default, water CAD/GEMS considers that the pipeline is new ductile iron 
pipe. Generally, pipe made of materials such as steel, PVC and asbestos cement do not 
tend have as much deposition or corrosion as cast iron pipes (North American Pipe 
Corporation, 2009; Niquette 1999).  
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Assigning demand patterns or peak factors 
The Components tab has an option called „Patterns‟ which opens the Pattern Manager 
window. The user can use this pattern manager to create water usage patterns based on 
daily, weekly and monthly use (Haestad Methods, 2003).  
The peak hours were considered to be 7 am to 9 am in the morning and 6 pm to 8 pm in 
the evening. A demand pattern for the students was created considering the number of 
students in the blocks and then the per capita consumption multiplied by the number of 
students was assigned to the node providing water to the blocks. The class was assumed to 
be open from 9 am to 4 pm on weekdays and was assigned a pattern of thrice the average 
residential demands during that period. The university is remained closed from May to 
July, and during those months, demand was considered zero (Abay consulting, 2015).  
For some consumption condition, specially predicted consumption, demands can be 
determined by applying a multiplication factor or a peaking factor. For example, a 
modeler might determine that future maximum day demands will be double the average-
day demands for a particular system. The peaking factor is calculated as the ratio of 
discharges for the various conditions. For example, the peaking factor applied to average-
day demands to obtain maximum day demands can be found by using Equation 8. 
 
                    
    
    
--------------------------------------9                                   
Where       PF = peaking factor between maximum and average day demands 
 
  Qmax = maximum day demands (m
3 /s) 
   Qavg = average day demands (m
3
/s) 
Determining system-wide peaking factors is fairly easy because most utilities keep 
good records on production and tank levels. However, peaking factors for different types 
of demands applied at individual nodes are more difficult to determine, because 
individual nodes do not necessarily follow the same demand pattern as the system as a 
whole.Peaking factors from average day to maximum day tend to range from 1.2 to 
3.0, and factors from average day to peak hour are typically between 3.0 and 6.0. Of 
course, these values are system-specific, so they must be determined based on the 
demand characteristics of the system at hand (Walski et al 2003). 
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3.3.12 Data Entering 
All the data have been entered into the skeletonized water distribution network using 
dialog box type of data entering. These data are the following. 
 The gathered data have been entered in to the sketched water GEMS model. 
 The ground elevations of reservoirs, tanks, nodes, pumps, valves and other 
locations have been interpolated and entered by superimposing a topographic 
map on a map of the network model throughout the system. The 1m contour 
interval has been used for the interpolation of ground elevation of different 
location. 
 Average-day demands have been allocated to nodes using a simple unit loading 
 Method, the number of customers that contribute to the demand at every node 
and multiplying it by the unit demand. By careful examination of the distribution 
system, the entire demand was allocated to a node or combination of nodes, as 
appropriate. Peaking factor for each nodal demand have been entered. 
 
Hence, the distribution system has been configured for each updated pipe network with 
local technicians, who are currently works as a supervising and controlling the system as 
whole, by carefully identifying the location of high elevation and low elevation zone of 
the system 
 
3.3.13 Model Representation 
All the existing water distribution system components model skeletonization is 
sketched using the following considerations and steps. Steps followed are: 
 
 Selection of pipelines for modeling has been based on the primary line, all 
pipelines of the system having a diameter greater than or equal to 32 mm. 
 AASTU water distribution system will delineate from the existing Auto CAD 
AASTU water distribution system. 
 The network of the system is sketched out by over laying on the AutoCAD‟s 
distribution components  using  Water  GEMS  tools  in  Water  GEMS  for  
AutoCAD  software,  like reservoirs, tanks, pumps, valves, pipes and so on. 
  In accordance with the requirements of the model, a node will be located at 
all points where the pipeline diameter changed. 
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3.3.14 Model Calibration and Validation 
For model calibration and validation effort data were collected from field selected 
sample locations. The required collected data include: pressure and residual chlorine. 
For each node record was taken five times at different times in single days. Model 
calibration and validation were undertaken based on the different calibration standard 
criteria for hydraulic network and water quality modeling. 
 
3.3.15 Data Analysis and Presentation 
The physical characteristics of the system were represented in the model by nodes and 
pipes (or elements). The nodes, joined together by pipes, pipe junctions, changes in pipe 
diameter and the locations of system attributes such as valves and of large demands. The 
node and pipe data sets contain geographic co-ordinates, ground levels, basic demand 
data, internal diameter and friction coefficient, service reservoir geometry, valve 
performance characteristics. Water demand was allocated to the node nearest to its draw 
off point. Nodal demands were distributed based on population estimates served by the 
nodes; with considerations of patterns. The analysis applied operational conditions to the 
network data such as diurnal demand patterns when valves were opened and closed. The 
analysis for sequence of time steps, known as extended period  or  quasi  dynamic  
simulation;  each  step  representing  a  unique  set  of  demand  and operational 
conditions. An extended period simulation analysis used the initial set of demand 
profiles, reservoir levels and network operational  conditions to calculate demands, 
pressures and flows in the network over the first time period to determine the 
operational status of automated pumps and control valves and the net reservoir 
inflows/outflows and thereby ,using the reservoir geometry, changes in reservoir levels.  
The results were displayed both graphically and in tabular form for a single time (steady 
states analysis) or a sequence of time steps to  illustrate the changing performance of the 
network and individual elements of the system over the period the of the analysis. 
Subsequent to hydraulic and water quality simulation was undertaken. In doing so, 
initial water quality was assigned to reservoir and tank nodes. Later Bulk and wall 
reaction coefficients were assigned to pipes globally.   
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Similar to the hydraulic simulation, the results for water quality simulation were 
displayed both graphically and in tabular form to illustrate the changing performance of 
the network and individual elements of the system over the period of the analysis. 
 
3.3.16 Existing Water Supply Evaluation 
Problems in provis ion of adequate water supply to the rapidly grow ing urban 
population are increasing dramatically. Water demand in the domestic sector of 
developing cities including Addis Ababa increases through time that as a result demands 
for additional water sources and infrastructure. Design constraint is  one  of  the major  
factors  for  the   low  water  coverage   of   the water  supply   but   poor   management  
of  the existing  water  supply  system  also  has  a  great impact  for  the  low  coverage. 
Therefore evaluating the entire distribution  of  the  water  supply  system  is  important  
in  order  to  identify  the  problematic  areas  and intervene accordingly. 
3.3.17 Domestic Water Supply Coverage 
Water supply coverage is usually evaluated based on the quantity and qua lity, paying 
capacity of the  people, distance,  etc.,  but  the   intention  of  this  research  is  not  to  
evaluate   all  these  but related to the quantity of  supply and  level  of system that are 
related  to  the performance.  In this part of the analysis, the number of domestic 
connections per family and the average daily per capita consumption is used to analyze 
the domestic water supply coverage for the entire study area. Access to water supply 
may be evaluated us ing the amount of water consumed and the level of connection. For 
evaluating the amount of water consumption, the annual water consumption is converted 
to average daily per capita consumption using the population data of campus. The 
number of domestic connections per blocks has been also used for analyzing the level of 
connection as elaborated below. 
3.3.18 Population Forecasting 
In order to forecast the current (2015) population of the study area based on last 
population to establish base population. For this study 2.5% growth rate from 2012 up to 
2035 is adopted. 
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3.3.19 Current and Future Water Demand in the Study Area 
Water demand estimation is one of the basic inputs to select source of water supply and 
to find the amount of water required to fill the gap between supply and demand of the 
system. For projection of water demand many factors may intervene. Inexactness in 
population projection or changes in the mix of house hold types, for example, forecast is 
made for various hor izons: short, medium or long term, time extrapolation, coefficient 
method for unit use and per capita demand method. Hence for this particular study 
because of the shortage of data available per capital demand is adopted. The per capita 
water use rate can be assumed constant or projected to change over time based on 
historical water use data. Per capita water use rates can be estimated based on water use 
records for a particular city, or alternatively, regional or national use rates can be 
obtained from the literature (Walski, 2003). 
3.3.20 Existing Water Supply System  
The existing water supply to campus was 400 m3 /day. This water is supplying in the 
study area at both 24hrs and 12hrs at lower and higher elevation area respectively.  
3.3.21 Average Daily Per Capita Consumption 
The volume of water consumed for domestic purpose has been aggregated to all 
customers‟ of the system so as to analyze the distribution of the water coverage in the 
study area Per capita consumption in the study area is estimated by using is about 60 
liters/capita/day  for boarding school( EBSC-9). 
3.3.22 Model Analysis 
Steady-state Analysis 
The model has been performed in steady state run for the average daily demand or that 
has been obtained from general service, which is the demand at every node not changing 
throughout 24 hours of a day. The software simulates Steady-State hydraulic calculation 
based on mass and energy conservation equations principle.  
Extended-Period Simulation 
The system conditions have been computed over twenty-four hours with a specified time 
increment of one hour and starting model run time at 0:00 PM. The software simulates 
non-steady-State hydraulic calculation based on mass and energy conservation principle. 
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The model can be simulated for every one-hour time setup in the twenty-four hour 
duration. However, for the analysis the peak and minimum hours, demand has been 
simulated to identify the current problems of the system and then to redesign the model 
based on the design criteria of the water distribution system, parameters like pressure 
and velocity. The water distribution main model inventory also consists of one 
functional pressure zone and one undergoing construction pressure zone, pipe, 1- 
reservoir, -156 junctions, 3-pumps, and 1-tank. 
Model Calibration and Validation 
The credibility of a model is merely evident if a model results precise ly ref lects 
observed field values. Thus, to have a confidence on model result it needs to calibrate 
a model. An effort to perform hydraulic network and water quality model calibration 
and validation for this case study is presented as follows. 
Calibration is the process of comparing the model results to field observations and, if 
necessary, adjusting the  data  describing  the  system until  model  predicted  
performance  reasonably  agrees  with  measured system performance over a wide range 
of operating conditions. Even though the required data have been collected and entered 
into a hydraulic simulation software package, the modeler cannot assume that the model 
is an accurate mathematical representation of the system. The hydraulic simulation 
software simply solves the equations of continuity and energy us ing the supplied data; 
thus, the quality of the data will dictate the quality of the results.  The accuracy of a 
hydraulic model depends on how well it has been calibrated, so a calibration analysis is 
should always be performed before a model is used for decision making purposes. 
Pressures were measured in the field in order to compare with the results of the 
distribution model. The diagonal line on the plot represents the line of perfect 
correlation. Ideally all the points should align themselves on this line; meaning that all 
observed pressures would be equal to the computed pressures, giving a correlation 
coefficient of 1 that is the best correlation between observed and simulated. The linear 
correlation coefficient (R) of observed versus computed pressures is calculated by the 
following Equation 10. 
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Where R
2
: The Coefficient of determination, n: number of observations during simulation 
period, Pobs: the observed pressure, Psim is simulated pressure,  ̅     the arithmetic mean 
observed pressure ,  ̅   : the arithmetic mean of simulated pressure. 
2. Model Calibration Based on Difference Error 
 
The degree of accuracy varies depending on the size of the system and the amount of 
field data and testing available to the modeler. (Bhave, 1998) states that the average 
difference of ±1.5m to a maximum of ± 5.0m for a good data set and ± 3.0 to ± 10m for 
a bad data set would be a reasonable target. This is in terms of comparing the observed 
versus the calculated pressure and heads in the system. 
Calibrating Water Quality Modeling 
Just subsequent to hydraulic model calibration and validation, water quality model 
calibration has to be performed separately.  To this effort data sets were collected from 
different part of water distribution system. Table 9 depicts an attempt to water 
quality model calibration as guide line recommended: average error of roughly 0.1mg/l 
to 0.2mg/ l (Walski. 2003). 
 
Validation 
Model validation is the steps that follows calibration and uses an independent field data 
set to verify that the model is well calibrated. In the validation step, the calibrated 
model is run under conditions differing from those  used for  calibration  and the  
results  compared  to field  data  .If the  model results  close ly approximate the field 
results (visually ) for an appropriate time period, the calibrated model is considered to be 
validated. Significant deviations indicate that further calibration is required (USEPA, 
2005). 
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4 Results and Discussion           
This chapter contains two parts and emphasizes two conditions such as results and 
discussion of the particular findings water deficit and after the simulation of the 
distribution system was done and will be presented. Any system will behave acceptably, 
if its parameters operate within a certain acceptable range. Similarly, to check the 
performance of the distribution system of AASTU campus, the following conditions 
were checked under discussion and analysis.  
4.1 Existing Water Supply Evaluation 
Problems in provis ion of adequate water supply to the rapidly grow ing urban 
population are increasing dramatically. Water demand in the domestic sector of 
developing cities including Addis Ababa increases through time that as a result demands 
for additional water sources and infrastructure. Design constraint is  one  of  the major  
factors  for  the   low  water  coverage   of   the water  supply   but   poor   management  
of  the existing  water  supply  system  also  has  a  great impact  for  the  low  coverage. 
Therefore evaluating the entire distribution  of  the  water  supply  system  is  important  
in  order  to  identify  the  problematic  areas  and intervene accordingly. 
4.1.1 Domestic Water Supply Coverage 
In this part of the analysis, the number of domestic connections per family and the 
average daily per capita consumption is used to analyze the domestic water supply 
coverage for the entire study area. Access to water supply may be evaluated using the 
amount of water consumed and the level of connection. The number of domestic 
connections per blocks has been also used for analyzing the level of connection as 
elaborated below. 
4.1.2 Average Daily per Capita Consumption 
The volume of water consumed for domestic purpose has been aggregated to all 
customers‟ of the system so as to analyze the distribution of the water coverage in the 
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study area Per capita consumption in the study area is estimated by using is about 60 
liters/capita/day  for boarding school( EBSC-9). 
Table7: Projected population 
 
Descripti
on 
 
 
Unit 
Year 
2015 
Year 
2020 
Year 
2025 
Year 
2030 
Year 
2035 
Populati projection No. 8015 8900 11400 13900 16400 
Domestic Demand LPCD 60 75 77 79 81 
Average Domestic m3/day 704 1003 1317 1647 1991 
Construction demand m3/day 70 80 79 66 40 
Gardening(A tot = 47.7 ha) m3/day 159 159 159 159 159 
Total Demand m3/day 933 1243 1556 1871 2190 
Climatic Adjustment factor  0.9 0.9 0.9 0.9 0.9 
Socio-economic adjustment 
factor 
 1.1 1.1 1.1 1.1 1.1 
Total adjusted demand m3/day 882 1174 1470 1768 2070 
 
Commercial demand (15%) 
 
   m
3
/ day  
 
132 
 
176 
 
220 
 
265 
 
310 
Total Domestic and non-
domestic 
Dem
and 
 
m
3
/day 
 
1014 
 
1351 
 
1690 
 
2034 
 
2380 
UFW (15 %) m3/day 152 203 254 305 357 
Total average water demand m3/day 1167 1553 1944 2339 2737 
 lit/Sec 13.5 18 22.5 27.1 31.7 
Maximum day factor  1.2 1.2 1.2 1.2 1.2 
Maximum day demand m3/day 1400 1864 2333 2807 3285 
 lit/Sec 16.2 21.6 27 32.5 38 
Peak Hour Factor  2 2 2 2 2 
Peak Hour Demand m3/day 2333 3106 3888 4678 5474 
 lit/Sec 27 36 45 54.1 63.4 
 
4.1.3 Existing Water Supply System Gap Identified 
The existing water supply to campus was 400 m3 /day. This water is supplying in the 
study area at both 24hrs and 12hrs at lower and higher elevation area respectively. 
Hence the total demand including the UFW in the system is 1167 m3/day for supplying 
water 24hrs.  To fill the gap additional 767m3/day amount of water is required to fulfill 
the supply shortage and demand the AASTU water supply system. 
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4.2 Model Analysis and Scenario Managements  
4.2.1 Calibration Result for Pressure Modeling 
The credibility of a model is merely evident if a model results precise ly ref lects 
observed field values. Thus, to have a confidence on model result it needs to calibrate 
a model. An effort to perform hydraulic network and water quality model calibration 
and validation for this case study is presented as follows. 
 
 
 
 
 
 
 
 
 
 
Figure 10:Observed and simulated pressure correlation 
Pressures were measured in the field in order to compare with the results of the 
distribution model as shown from Figure11. The diagonal line on the plot represents the 
line of perfect correlation in Figure 12 below here. Ideally all the points should align 
themselves on this line; meaning that all observed pressures would be equal to the 
computed pressures, giving a correlation coefficient of 1 that is the best correlation 
between observed and simulated. The linear correlation coefficient (R) of observed 
versus computed pressures is calculated by Equation 10 value is at 0.94. The 
coefficient of determination (R
2
) value was 0.94, it indicates that observed and 
simulated relation is strongly as values tend to 1. 
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Figure 11: Correlation between observed and simulated of parameters 
 
2. Model Calibration Based on Difference Error 
 
The degree of accuracy varies depending on the size of the system and the amount of 
field data and testing available to the modeler. (Bhave, 1998) states that the average 
difference of ±1.5m to a maximum of ± 5.0m for a good data set and ± 3.0 to ± 10m for 
a bad data set would be a reasonable target. This is in terms of comparing the observed 
versus the calculated pressure and heads in the system. 
Table 8: Junction pressure calibration based on degree of accuracy criteria 
 
Time Pressure       Observed Simulated Difference 
(hr) Junction X Y Elevation Pressure Pressure Pressure 
  ID     (m) (m) (m) Error(m) 
  J-01 478,838.08 983,105.74 2,163.12 16 18 -2 
  J-02 479,389.32 982,184.84 2,156.27 22 24 -2 
8:00 AM J-03 478,957.68 982,076.12 2,145.08 34 36 -2 
  J-04 478,806.55 981,954.35 2,138.08 40 43 -3 
  J-05 478,821.77 981,660.79 2,129.96 42 49 -7 
  J-01 478,838.08 983,105.74 2,163.12 17 18 -1 
  J-02 479,389.32 982,184.84 2,156.27 16 24 -8 
10:00 AM J-03 478,957.68 982,076.12 2,145.08 32 36 -4 
  J-04 478,806.55 981,954.35 2,138.08 40 42 -2 
  J-05 478,821.77 981,660.79 2,129.96 45 48 -3 
  J-01 478,838.08 983,105.74 2,163.12 16 18 -2 
y = 0.9958x-1.9365 
R² = 0.9436 
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  J-02 479,389.32 982,184.84 2,156.27 23 24 -1 
12:00 AM J-03 478,957.68 982,076.12 2,145.08 34 36 -2 
  J-04 478,806.55 981,954.35 2,138.08 45 42 3 
  J-05 478,821.77 981,660.79 2,129.96 44 47 -3 
  J-01 478,838.08 983,105.74 2,163.12 16 18 -2 
  J-02 479,389.32 982,184.84 2,156.27 23 25 -2 
2:00 PM J-03 478,957.68 982,076.12 2,145.08 35 36 -1 
  J-04 478,806.55 981,954.35 2,138.08 41 43 -2 
  J-05 478,821.77 981,660.79 2,129.96 54 51 3 
  J-01 478,838.08 983,105.74 2,163.12 20 18 2 
  J-02 479,389.32 982,184.84 2,156.27 18 25 -7 
4:00 PM J-03 478,957.68 982,076.12 2,145.08 39 36 3 
  J-04 478,806.55 981,954.35 2,138.08 41 43 -2 
  J-05 478,821.77 981,660.79 2,129.96 46 51 -5 
      
AVERAGE -2.08 
 
As shown in Table 8, computed values are within an average error of -2.08m pressure 
simulated to observed values.  Hence,  the  model  is  acceptable  calibrated  which  is  
satisfied  the  setting  pressure calibration and validation criteria under average level(to 
the maximum 5m). 
 
4.2.2 Calibration Result for Water Quality Modeling 
Just subsequent to hydraulic model calibration and validation, water quality model 
calibration has to be performed separately.  To this effort data sets were collected from 
different part of water distribution system. Table 9 depicts an attempt to water 
quality model calibration as guide line recommended: average error of roughly 0.1mg/l 
to 0.2mg/ l [Walski. 2003]. 
Table 9: Water quality model calibration for extended period simulation 
  Pressure 
X Y 
  Simulated Observed Difference 
Time  Junction Elevation Chlorine Chlorine 
     in 
Chlorine 
(hr) ID     (m) residual Residual Error 
          (mg/L) (mg/L) (mg/L) 
  J-01 478,838.08 983,105.74 2,163.12 0.86 0.6 0.26 
  J-02 479,389.32 982,184.84 2,156.27 0.67 0.51 0.16 
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8:00AM J-03 478,957.68 982,076.12 2,145.08 0.81 0.6 0.21 
  J-04 478,806.55 981,954.35 2,138.08 0.91 0.75 0.16 
  J-05 478,821.77 981,660.79 2,129.96 0.83 0.5 0.33 
  J-01 478,838.08 983,105.74 2,163.12 0.62 0.43 0.19 
  J-02 479,389.32 982,184.84 2,156.27 0.52 0.32 0.2 
10:00 AM J-03 478,957.68 982,076.12 2,145.08 0.45 0.35 0.1 
  J-04 478,806.55 981,954.35 2,138.08 0.44 0.21 0.23 
  J-05 478,821.77 981,660.79 2,129.96 0.86 0.52 0.34 
  J-01 478,838.08 983,105.74 2,163.12 0.62 0.43 0.19 
  J-02 479,389.32 982,184.84 2,156.27 0.54 0.2 0.34 
12:00 AM J-03 478,957.68 982,076.12 2,145.08 0.47 0.35 0.12 
  J-04 478,806.55 981,954.35 2,138.08 0.44 0.2 0.24 
  J-05 478,821.77 981,660.79 2,129.96 0.41 0.32 0.09 
  J-01 478,838.08 983,105.74 2,163.12 0.65 0.51 0.14 
  J-02 479,389.32 982,184.84 2,156.27 0.57 0.34 0.23 
2:00 PM J-03 478,957.68 982,076.12 2,145.08 0.47 0.22 0.25 
  J-04 478,806.55 981,954.35 2,138.08 0.46 0.35 0.11 
  J-05 478,821.77 981,660.79 2,129.96 0.47 0.3 0.17 
  J-01 478,838.08 983,105.74 2,163.12 0.62 0.5 0.12 
  J-02 479,389.32 982,184.84 2,156.27 0.57 0.35 0.22 
4:00 PM J-03 478,957.68 982,076.12 2,145.08 0.45 0.1 0.35 
  J-04 478,806.55 981,954.35 2,138.08 0.44 0.2 0.24 
  J-05 478,821.77 981,660.79 2,129.96 0.41 0.28 0.13 
      
AVERAGE 0.2048 
As shown in Table 9, computed values are within an average error of 0.2048mg/L to 
observed values. Hence, the model is well calibrated. 
4.2.3 Assumption for Analysis of the Current Scenarios 
The conditions assumed under the current scenario were as follows: The tank was full 
at the start of the simulation. When the level in the tank WT dropped below 26.4 m 
which is assigned by Abay consulting. But pump shows good performance at 26.4m, it 
triggered of PMP-1 and when the level in Tank WT is greater than 34.64 (Abay 
consulting) , and then the pump was turned „OFF‟. The only available data on the 
pump was that it was 82m3/hrs. On each pump. Since no other information was 
available on the pump a suitable pump curve was selected. The pattern pump curve is 
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as shown in Figure 13.The operating point of this pump is 82 3m/hrs at 34 m and it was 
modeled as a constant speed pump. Therefore the level of the water was assumed to be 
sufficient. It was assumed that the tank can tolerate high pumping rates, considering 
the fact that AASTU has never had problems with the reaching on highest blocks. 
 
Figure 12: Pump curve for the operating conditions of the pump 
Any system will behave acceptably, if its parameters operate within a certain 
acceptable range. Similarly, to check the performance of the distribution system of 
AASTU campus the following conditions were checked in the model: 
 The average daily flow maintaining the pressures. 
 The peak hourly flows maintaining the pressures. 
 Unusually high pressures and low pressure in the system. 
 Low velocities in the pipes. 
The velocity range under diurnal flow pattern for the town was in the range of 0-2.63 
m/s. The previous friction factor in these pipes was Hazen William and adjusted to 
Darcy Weisbach since it is global acceptable. The maximum head loss in the pipe was 
24.28 m and when this pipe was optimized, and then the head loss was observed to be 
6.87m (see Figure 23). 
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4.3 Identified Problem and Improvements 
4.3.1 Pressure 
Pressure in water distribution system has to be maintained optimum and the former one 
is frequently achieved in setting minimum pressure to be maintained at each junction. 
The later one is achieved differently in setting allowable pressure to be maintained in 
the system. 
According  to  (Swamee  et  al 2008)  the  minimum  design  nodal pressures  are  
prescribed  to discharge  flows onto the properties. The general consideration is that the 
water should reach up to the stories of low rise buildings in sufficient quality and 
pressure, considering firefighting requirement. In the case of high rise building, booster 
pumps are installed in the water supply system to cater for the pressure head 
requirements. This is a considerable increase in the amount of velocity, especially 
since the velocities are generally medium in the AASTU.  
Models are the footprint in finding the cause of the interruptions or problems. Addis 
Ababa science and Technology University water supply distribution has the following 
major problems. 
 Low pressure around student dormitories. 
 High head loss through the pipe length 
 The pump is not used effectively  
The system was modeled with two demand patterns. The first pattern was assigned to all 
the nodes for the student with 2 hour peaks between 7 and 9am and 5 and 7pm. A 
second pattern was defined for staff. There are three identical pumps at the pump station 
adjacent to ground reservoir each delivering 82m3/hrs to 34m. The minimum level in 
the tank was set at 21.5m to ensure a minimum pressure to drive water within the 
distribution system. Water GEMS evaluates various system characteristics such as 
velocity of flow in pipes, and pressure at various nodes as a function of time. The system 
characteristics stabilize at different times.   
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The tank fills up at the beginning of the simulation, and it takes 6- 8 hours for the water 
level to reach the maximum height in tank according to AASTU water technician. But 
tank takes the longest to fill up because the smaller 4 inch diameter from the pump 
house to the tank delivers a significantly smaller quantity of water. The hydraulic 
conditions of the system were examined under steady state conditions to determine the 
junctions that had unusually high or low pressure.  
Regards the topography of AASTU, the locations of nodes in the water distribution line 
is in close proximity to each other. The maximum and minimum water pressure during 
peak demand in the distribution system was 2m and 59 m head around junction J-44 and 
J-248, respectively. According to the design criteria of the FDRE; MoWR 2006, the 
maximum and minimum water pressure in the distribution system is 60m and 15m, 
respectively.  
4.3.2 Pressure variation in the distribution system 
It is observed, from the water GEMS map that 40 out of the 156 nodes have pressure 
heads below the required minimum pressure head of 15m 
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Figure 13: Shows actual node pressure contour at average day demand 
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Figure 14 : shows actual node pressure contour map at peak hour demand consumption 
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As shown in Figure 14, nodes located at the green color marked area which is more 
covered the downstream part of the system with lower elevation, are susceptible to 
lower pressure due to under pipe diameter size.  There  are  some  reasons  that  are  
why  the  negative  pressure  is  occurred  in  the  water  supply distr ibution system 
might be as result of the following: 
 Properties on high ground 
 Remote properties at the end of  long length of pipes 
 Demands that are greater than design demand 
 Pipes of inadequate capacity 
 Equipment failures  
 
Table 10: Distribution of actual node pressure at peak consumption hour 
Pressure (m) Nodes  (number) Percentage   
50-60 11 7.05 
40-50 27 17.31 
30-40 36 23.08 
20-30 42 26.92 
<20 40 25.64 
Total 156 100.00 
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Figure 15: shows actual node pressure contour map at minimum consumption hour 
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4.3.3 Velocity Distribution in Actual Pipe 
Velocity  of  water  flow  in  a  pipe  is  also  one  of  the  important  parameters  in  
hydraulic  modeling performance  evaluation  of the  efficiency  of water supply distr 
ibution and transmiss ion  line. Velocity distribution is also varying with demand 
pattern changes. At the peak hour demand the values are different as compare to 
minimum consumption hour. The velocity range under diurnal flow pattern for the study 
area was in the range of 0-2.63 m/s. The previous friction factor in these pipes was 
Hazen William and adjusted to Darcy Weisbach since it is global acceptable. The 
maximum head loss in the pipe was 24.28 m and when this pipe was optimized, and 
then the head loss was observed to be 6.87m as shown from Figure 23. This is a 
considerable increase in the amount of velocity, especially since the velocities are 
generally medium in the study area. 
For this study velocity is considered as criteria during resizing the pipe diameter. 
Velocity has also a great impact on water quality as turbidity and the like. Carried out 
Mode ling is helpful in pinpointing the cause of hydraulic efficiency problems. In 
general the study area of water distribution system has the follow ing major problems 
with respect to hydraulic network modeling as mentioned below: 
 
 Undersized service pipe diameter 
 Low pressure 
 High velocity 
 Low velocity 
Undersized pipes can usually be found by looking for pipes with high velocities. 
Increasing the diameter of the pipe in the model should result in a corresponding 
decrease in velocity and increase in pressure.  
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Figure 16: velocity variation in the pipe 
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4.3.4 Water Quality in the System 
Water quality simulation requires a series of runs to understand the movement of water 
and water quality transformation in the system.  Specific simulations included in this 
study is residual chlorine modeling are investigated in this study. This is a variation of 
water quality in distr ibution system from hour to hour of a particular day. This hour 
ly variation of water quality is mainly related to demand patterns. Water quality 
variation is also observed as system sizes are subjected changes. 
Residual Chlorine at Peak Hour Flow 
It had been so long since it was proved that microbiologically safe water would be 
supplied only while continuous dis infection prior to water distr ibution is possible 
along with letting distributed water with optimum residual chlorine as to control 
recontamination in distr ibution system. Recommended residual chlorine at the taps of 
the users usually lies between 0.2mg/l to 0.5mg/l [WHO, 2011; WHO, 1997] as shown 
from Figure 18.  
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Figure 17: Residual chlorine 
 
4.3.5 Low pressure 
The results obtained for the pressure heads at the nodes from the simulation under the 
current situation is as shown from Table 11and Figure 18. In the study area, all of the 
buildings are four storey buildings that are 13.47m in height. For this study, all 1ow 
pressure below 15m was presented in Table 11 indicated; the system was loose head 
during peak demand time and water was not reaching to students. Whereby, these was 
mainly as a result of water flow distribution network layout against hydraulic gradient, 
hence pressure loss was emerged, inadequate pipe capacity (small diameter), and 
availability of blocks on higher elevation as compared to design criteria for distribution 
network alignment of Ethiopia. 
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            Table11: Low pressure nodal point 
S.No ID Junction Elevation  Demand  Hydraulic  Pressure 
      (m) (L/s) Grade (m)  (m H2O) 
1 120 J-44 2,157.26 1.49 2,159.23 2 
2 128 J-48 2,155.83 0.768 2,160.18 4 
3 118 J-43 2,155.31 0 2,160.70 5 
4 1703 J-242 2,154.82 1.2 2,162.35 8 
5 1676 J-235 2,154.18 0 2,162.48 8 
6 124 J-46 2,157.74 0.868 2,166.06 8 
7 206 J-86 2,154.00 0.124 2,163.25 9 
8 126 J-47 2,157.59 0.868 2,166.93 9 
9 204 J-85 2,153.94 0 2,163.30 9 
10 208 J-87 2,153.90 0.124 2,163.30 9 
11 122 J-45 2,157.30 0 2,167.00 10 
12 210 J-88 2,153.64 0.124 2,163.49 10 
13 202 J-84 2,153.55 0 2,163.50 10 
14 212 J-89 2,153.78 0.223 2,163.79 10 
15 136 J-52 2,157.59 0.386 2,167.93 10 
16 1643 J-226 2,154.00 0 2,164.54 11 
17 1601 J-216 2,153.24 0 2,163.84 11 
18 200 J-83 2,153.00 0 2,163.84 11 
19 437 J-200 2,156.73 0.386 2,168.08 11 
20 214 J-90 2,152.46 0.223 2,164.01 12 
21 134 J-51 2,156.46 0 2,168.10 12 
22 198 J-82 2,152.31 0 2,164.01 12 
23 1605 J-217 2,152.25 0 2,164.05 12 
24 116 J-42 2,156.00 0 2,168.13 12 
25 269 J-117 2,152.33 0.868 2,165.44 13 
26 216 J-91 2,151.25 0 2,164.41 13 
27 219 J-92 2,151.19 0.868 2,164.37 13 
28 103 J-35 2,161.41 0 2,175.04 14 
29 194 J-80 2,151.81 0 2,165.66 14 
30 1615 J-219 2,151.68 0 2,165.56 14 
31 192 J-79 2,150.91 0 2,164.97 14 
32 114 J-41 2,156.46 0.745 2,170.61 14 
33 142 J-55 2,157.08 0 2,171.50 14 
 
 
 
 
 
  
66 
 
  
Figure 18: Identified negative nodal pressure with corresponding blocks 
 
Block number 13 
For diurnal analysis of campus, the lowest pressures have been observed at 
junction J-44 which was allocated for block number 13. The lowest pressures 
recorded were about 2m during peak demand at 8:00 hour time and the 
maximum pressure recorded was 22m for 0:00-5:00 hour duration at night. This 
junction is located at relatively higher elevation as compared to other junctions 
in the campus; hence it will experience low pressure from 7:00-20:00 hours as 
shown from Figure 19. 
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Figure 19:Pressure variation versus demand 
Block number 12 
For diurnal analysis of campus, the lowest pressures has been observed at 
junction J-46 and J-47 which was allocated and feeder for block number 12.The 
lowest pressures recorded were about 8m and 9m respectively for two junctions 
during peak demand at 8:00 hour time and the maximum pressure recorded was. 
These junction were located at relatively higher elevation as compared to other 
junctions in the campus, hence it will experience low pressure from 7:00-19:00 
hours   as shown from Figure 20.  
Block number 10 
For diurnal analysis of campus, the lowest pressures has been observed at 
junction J-200 and J-52 which was allocated and feeder for block number 
10.The lowest pressures recorded were about 11m and 10m respectively for two 
junctions during peak demand at 8:00 hour time and the maximum pressure 
recorded was 24m for 0:00 -5:00 hour duration at night. These junction were 
located at relatively higher elevation against distribution layout gradient in the 
campus, hence it will experience low pressure from 7:00-19:00hours.  
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Block number -11 
For diurnal analysis of campus, the lowest pressures has been observed at 
junction J-48 and J-242 which was allocated and feeder for block number 
11.The lowest pressures recorded were about 4m and 8m respectively for two 
junctions during peak demand at 8:00 hour time and the maximum pressure 
recorded was 25 and 26m respectively both J-48 and J-242 from 0:00 -5:00 hour 
duration at night. These junction were located at relatively higher elevation 
against distribution layout gradient in the campus, hence it will experience low 
pressure from 7:00-20:00 and 7:00-19:00 hours for junction J-48 and junction J-
242 as shown from Figure 20. 
Block number -09 
For diurnal analysis of campus, the lowest pressure has been observed at 
junction J-41 and the lowest pressures recorded were about 14m for this 
junction during peak demand at 8:00 hour time and the maximum pressure 
recorded was 24.This junction was located at relatively higher elevation against 
distribution layout or hydraulic gradient in the campus, hence it will experience 
low pressure from 7:00-19:00 hours as shown from Figure 20. 
Student landaury around block number 08 
For diurnal analysis of campus, the lowest pressures has been observed at 
junction J-55 which was allocated and feeder for block number 09.The lowest 
pressures recorded were about 14m for two junction during peak demand at 8:00 
hour time and the maximum pressure recorded was 24m for this junction from 
0:00 -5:00 hour duration at night. This junction was located at relatively higher 
elevation against distribution layout or hydraulic gradient in the campus; hence 
it will experience low pressure from 7:00-19:00 hours as shown from Figure 20. 
Block number 4 
For diurnal analysis of campus, the lowest pressures has been observed at 
junction J-89 and J-90 which was allocated and feeder for block number 04.The 
lowest pressures recorded were about 10m and 12m respectively for two 
junctions during peak demand at 8:00 hour time and the maximum or highest 
pressure recorded was 27m and 28 m respectively for both J-89 and J-90 from 
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0:00 -5:00 hour duration at night. These junction were located at relatively 
higher elevation against distribution layout or hydraulic gradient in the campus, 
hence it will experience low pressure from 8:00-20:00 hours as shown from 
Figure 21. 
Student laundary near to block number 04 
For diurnal analysis of campus, the lowest pressures has been observed at 
junction J-86, 88 and J-87 which was allocated and feeder for block number 
09.The lowest pressures recorded were about 9m, 10 and 9m respectively for 
two junctions during peak demand at 8:00 hour time and the maximum pressure 
recorded for the three junctions were the same that was 27m. These junctions 
were located at relatively higher elevation against distribution layout or 
hydraulic gradient in the campus; hence it will experience low pressure only at 
8:00 hours as shown from Figure 20. 
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Figure 20: Pressure and Demand variation in 24 hours during peak hour 
4.3.6 System Model Improvements 
In designing or improving a system there are sets of design criterion to be 
considered, for pressure and velocity. The design criteria used in the design of 
water supply distribution system components, nodal  pressure  during  the  
period  of  peak  demand,  and  optimum  velocities  of  the transfer and 
distribution mains are as follows [EBSC]-9: 
 Minimum static head is 15 m, which can supply a 4-storey building 
from the distribution system. 
 Maximum static head within a pressure zone was limited to 60 m. 
  
71 
 
 Maximum velocities of distribution mains < 2.0 m/s. 
  Head loss gradient (m/km) < 15. 
The absolute minimum velocity of flow in a pipeline is in the range 
0.1m/s-0.3m/sec, in order to avoid stagnation and water quality problems 
in the water system [Shaher H., 2003]. 
Ranges of velocity as of Bentley Water CAD/GEMs (2008) are given by 
   Typical - 0.6-1.2 m/s 
   High - 1.5-2.5 m/s 
   Very - high greater than 3 m/s 
   Residential - 0.05 m/s 
 
First scenario for improving the system student dormitory 
 Connecting pipes p-357 ,p-316,p-308 and p-328 of 150mm,150mm,150mm  and 200mm  
through junctions J-209 to J-243 
 Again connecting junctions‟ j-208 to J-228 through pipe p-364  
 Replacing pipe p-45 and p-305 of each having 50mm diameter to 63mm 
diameter for block B-13 and block B-09 through junctions J-44, J-43 and 
J-235 for increment of head since the existing nodal shows low pressures. 
 Replacing pipe p-43of 75mm diameter to 100mm diameter and pipe p-
280 of 65mm diameter to 75mm diameter. 
 Connecting junctions J-35 to J-252 through pipe p-360 by diameter 75mm 
which is the feeder or supplier for B-13, B-11, B-12 and B-10. 
 The maximum head loss for system will be 6.87m which meet the design 
criteria for water supply distribution the same as head loss for first 
scenario as shown on Figure 22. 
 The maximum hydraulic gradient will show as 69.67m/km as compared 
other scenario, this one is good as shown from Figure 23. 
 Then we have improved pressure head for first scenarios shown from 
Figure 21. 
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Figure 21: Improved pressure head for first scenario 
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                              Figure 22: Head loss for the first scenario 
 
  
                         Figure 23 : Head loss gradient for the first scenario 
 
Second scenario for improving the system student dormitory 
The first scenario wills emphasis on increasing the respective head as follows; 
 By replacing pipe p-43of 75mm diameter to 200mm  diameter and connecting it to 
junction J-35 through pipe p-380 of 250mm diameter ,hence it will increase the 
head or pressures around blocks B-13,B-12,B-11,B-10,B-09,B-08 and student 
laundry nearby. 
 By replacing pipe p-280 and p-323 of 50mm diameter to 65 mm diameter and it 
will also increase pressure around blocks B-13 and B-09. 
 By connecting block B-02 and block B-04 through pipe p-347 of 50mm diameter 
to junctions J-218 to J-217 and it will increase the head for block B-04 and student 
laundry nearby. 
 The head loss will minimized from 24.28m to 6.87m which meet the design criteria 
of water project as shown Figure 26. 
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 The hydraulic gradient shall also minimize from 183.67m/km to 102.75m/km 
which is very significant for head increment as shown on Figure 25. 
 The flow will completely have been changed. 
 
                       Figure 24: Pressures for improved water supply distribution 
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                                  Figure 25: Head loss gradient for the second scenario 
 
Figure 26: Head loss for the second scenario 
Third scenario for improving pump working hour 
Pumps are energy devices which provide pressure and head to the water. The graph of 
head vs. flow for a particular pump is called the pump curve. Generally there are three 
parameters that define the pump operation; the shut off head, the design point, and the 
maximum point. The system curve is an important curve necessary to decide the best 
operating point of pump. The pump should be able to overcome the elevations differences, 
which is dependent on the topography of the system. The head added on the pump to 
overcome these differences is called the static head. Friction and minor losses also affect 
the discharge through the pump. “When these losses are added to the static head for 
different discharge rates, the plot obtained is called system head curve” [Haestad Methods, 
2003] .However the working hour of  the pump is  low in average which is only 6-8 hours 
per day  as information gained from pump operator ,hence increasing the working hour of 
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the pump  to 18-22 hour per day will improve the pressures for system is the  good 
scenario since diameter is smaller at inlet and outlet of elevated tank which is only 3 inch 
diameter and thus, why  the working  hour of the pump increasing is crucial. 
Forth scenario for improving source 
There are different water sources around area of the campus and the source of the water 
was selected for the university is ground water (Abay consulting, 2016) and the ground 
water has better quality than surface water could because as it passes through the 
hydrologic cycle it require many impurities as it comes in contact with materials in the 
air, on surface and beneath the surface of the earth .So that it may be used without 
further treatment (Jeffrey A.Gilbelt P.E, 2012). But it depends with the geology of the 
area and other polluting factors in the future. Factors such as quantity, quality, safety of 
the source, water rights, and environmental impacts, along with capital and operational 
costs and it is the most practical and economical to obtain and distribute. For full fill the 
current demand of the university the flow supplied must be greater than or equal to the 
flow demanded as per design guide line and the current flow demand of the university is 
33.208 L/s and flow supplied is 13.171L/s (for steady state simulation and when the two 
pumps effectively operated in case of elevated tank) and also with 24 hours variation as 
shown from figure 47 the flow is only supplied for eight hour and the flow is stopped for 
16 hours ,hence the system obtained its flow from the elevated tank, then 20.08L/s or 
more than will required. But the new bore hole construction will enough for the existing 
demand and for the future demand expansion since it is 70 L/s [Abay consulting 
,2015],hence additional storage will required as recommend by Abay Consulting 
Engineering Private Company in order to meet the demand that of 2000m
3
 service 
reservoir. 
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Figure 27: Extended period simulation of current flow supplied vs. flow demanded 
 
4.3.7 Improved Pressure Head 
Pressure is very critical for any water distribution system and adequate water pressure at 
the nodal points for a specific rate of flow (i.e. Pressures should be great enough to 
adequately meet junctions needs).Pressures should be great enough to adequately meet 
firefighting needs and the same time, pressures should not be excessive because 
development of the pressure  head  brings  important  cost  consideration  and  as  pressure  
increases leakages increases too hence, purity of distributed water should be maintained. 
This requires distribution system to be completely water-tight. Maintenance of the 
distribution system should be easy and economical and water should remain available 
during breakdown periods of pipeline. The low pressures of the identified problem have 
been solved as shown from Figure 28, 29 and under appendix A, B. 
  
78 
 
                        Figure 28: Pressure contour map for improved system 
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Figure 29: Velocity contour map for improved system 
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5 Conclusion and Recommendations  
Conclusion 
This section will highlight the specific findings in the analysis of the system that 
followed by recommendations to improve the distribution system. In this study, the 
empirical analysis of the University of AASTU, the campus water distribution network 
has been carried out using water GEMS, a computer based simulation software for 
water distribution network. Prelude to the analysis, a review of literature was carried 
out where the past and current network analysis methods were examined. The current 
conditions of water supply and distribution in the University of AASTU was also 
examined. Relevant data required for the analysis were collected and results of all the 
analysis were supported by charts, screen prints and pictures. The analysis revealed a 
gap between the current water supply and the water demand in the university. The 
analysis of the existing water distribution shows a rather inefficient network which is 
the reason for lack of flow supply to some parts of the university. The pressures at 
the nodes are generally low and the quanta of water flowing in some pipes are 
inadequate. A major defect in the network is the fact that Tank, which is the biggest 
and at highest elevation, is not being put to optimum use currently. Though normal 
working pressures seem to be a very big problem in the AASTU campus, clearly it was 
observed that the university shall maximize the working hour of its pump from 6 hour 
to 18-21 hours. For the existing pump operation, which is set to start when the tank are 
empty and set to shut off when the tanks fill up, takes a very long for the tank to fill. 
The tank should ideally fill up within for more than three days as information obtained 
from water technicians in AASTU campus, hence the university will think about this 
during pump installation for an existing and or for future as well. 
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 Recommendation  
To finally conclude this study, the campus has a fairly good distribution system in 
place and overall improvements in the distribution lines can be done on as-needed 
basis considering the growth of the university.Additional recommendations for the 
system: 
 Pump efficiency curves of the existing pump need to be obtained to verify the 
results of the simulation. 
 If convenient and affordable, the university should carry out a test to find out the 
specific capacity of its undergoing well construction for sustainable and also 
perform a drawdown test to have a better knowledge of its supply system for the 
future. 
 It is most recommended that the blocks located around students have additional 
pressure tanks installed near their blocks and use booster pumps to solve the 
problems of poor pressures at their locations. 
 The university must make plan for further study on conditions or factors 
affecting, its water distribution system, especially on poor design, the quality 
water for future to address ground water safe from wastewater (condominium). 
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Appendix 
Appendix A: Calculation summary for improved network 
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Appendix B: Improved Pressure Head for the Negative Pressures Areas 
ID Junctions Elevation (m) Zone Demand  Hydraulic  Pressure 
        L/s Grade 
(m) 
(mH2O) 
39 J-3 2163.94 Zone - 1 0 2187.66 24 
1719 J-246 2163.09 Zone - 1 0 2187.69 25 
1749 J-252 2161.73 Zone - 1 0 2187.66 26 
103 J-35 2161.41 Zone - 1 0 2187.64 26 
1707 J-243 2158.84 Zone - 1 0 2187.65 29 
124 J-46 2157.74 Zone - 1 0.137 2187.38 30 
126 J-47 2157.59 Zone - 1 0.137 2187.4 30 
136 J-52 2157.59 Zone – 1 0.061 2187.43 30 
120 J-44 2157.26 Zone - 1 0.235 2187.27 30 
122 J-45 2157.3 Zone - 1 0 2187.41 30 
142 J-55 2157.08 Zone - 1 0 2187.55 30 
146 J-57 2156.95 Zone - 1 0.02 2187.54 31 
148 J-58 2156.91 Zone - 1 0.061 2187.55 31 
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105 J-36 2156.9 Zone - 1 0 2187.55 31 
144 J-56 2156.88 Zone - 1 0.02 2187.54 31 
437 J-200 2156.73 Zone - 1 0.061 2187.44 31 
130 J-49 2156.82 Zone - 1 0 2187.55 31 
140 J-54 2156.62 Zone - 1 0.02 2187.55 31 
138 J-53 2156.6 Zone - 1 0 2187.55 31 
107 J-37 2156.58 Zone - 1 0.059 2187.55 31 
134 J-51 2156.46 Zone - 1 0 2187.44 31 
114 J-41 2156.46 Zone - 1 0.118 2187.52 31 
116 J-42 2156 Zone - 1 0 2187.44 31 
128 J-48 2155.83 Zone - 1 0.121 2187.3 31 
132 J-50 2155.8 Zone - 1 0.061 2187.55 32 
165 J-66 2155.84 Zone - 1 0.118 2187.64 32 
118 J-43 2155.31 Zone - 1 0 2187.31 32 
111 J-39 2155.42 Zone - 1 0.117 2187.53 32 
174 J-70 2155.4 Zone - 1 0 2187.65 32 
178 J-72 2155.33 Zone - 1 0.02 2187.65 32 
176 J-71 2155.19 Zone - 1 0.02 2187.65 32 
1703 J-242 2154.82 Zone - 1 0.24 2187.32 32 
109 J-38 2155.02 Zone - 1 0 2187.54 32 
1700 J-241 2155.07 Zone - 1 0.14 2187.64 33 
1697 J-240 2155.07 Zone - 1 0 2187.65 33 
1682 J-237 2155.04 Zone - 1 0 2187.65 33 
1646 J-227 2154.91 Zone - 1 0 2187.53 33 
150 J-59 2154.7 Zone - 1 0 2187.65 33 
1688 J-238 2154.69 Zone - 1 0 2187.65 33 
206 J-86 2154 Zone - 1 0.02 2187 33 
152 J-60 2154.59 Zone - 1 0.118 2187.64 33 
158 J-63 2154.58 Zone - 1 0.137 2187.63 33 
204 J-85 2153.94 Zone - 1 0 2187 33 
208 J-87 2153.9 Zone - 1 0.02 2187 33 
1676 J-235 2154.18 Zone - 1 0 2187.32 33 
1598 J-215 2154.49 Zone - 1 0 2187.64 33 
212 J-89 2153.78 Zone - 1 0.035 2187.01 33 
1643 J-226 2154 Zone - 1 0 2187.34 33 
210 J-88 2153.64 Zone - 1 0.02 2187 33 
202 J-84 2153.55 Zone - 1 0 2187 33 
1601 J-216 2153.24 Zone - 1 0 2187.01 34 
200 J-83 2153 Zone - 1 0 2187.01 34 
196 J-81 2152.98 Zone - 1 0.137 2187.01 34 
160 J-64 2153.54 Zone - 1 0.137 2187.65 34 
1693 J-239 2153.16 Zone - 1 0 2187.65 34 
214 J-90 2152.46 Zone - 1 0.035 2187.01 34 
1564 J-208 2153.01 Zone - 1 0 2187.65 35 
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269 J-117 2152.33 Zone - 1 0.137 2187.01 35 
419 J-191 2152.76 Zone - 1 0.021 2187.46 35 
198 J-82 2152.31 Zone - 1 0 2187.01 35 
1605 J-217 2152.25 Zone - 1 0 2187.01 35 
1654 J-229 2152.22 Zone - 1 0 2187.01 35 
194 J-80 2151.81 Zone - 1 0 2187.02 35 
241 J-103 2151.79 Zone - 1 0 2187.01 35 
243 J-104 2151.78 Zone - 1 0.02 2187.01 35 
245 J-105 2151.73 Zone - 1 0.021 2187.01 35 
47 J-7 2152.26 Zone - 1 0 2187.64 35 
401 J-182 2152.21 Zone - 1 0.016 2187.64 35 
415 J-189 2151.98 Zone - 1 0 2187.46 35 
247 J-106 2151.51 Zone - 1 0.02 2187.01 35 
239 J-102 2151.45 Zone - 1 0 2187.01 35 
417 J-190 2151.87 Zone - 1 0.021 2187.46 36 
216 J-91 2151.25 Zone - 1 0 2187.01 36 
219 J-92 2151.19 Zone - 1 0.137 2187.01 36 
1608 J-218 2151.06 Zone - 1 0.392 2187.01 36 
192 J-79 2150.91 Zone - 1 0 2187.02 36 
251 J-108 2151.05 Zone - 1 0.061 2187.2 36 
1741 J-251 2151.43 Zone - 1 0 2187.64 36 
421 J-192 2151.14 Zone - 1 0.012 2187.46 36 
413 J-188 2151.12 Zone - 1 0 2187.46 36 
253 J-109 2150.66 Zone - 1 0.061 2187.2 36 
423 J-193 2150.79 Zone - 1 0.102 2187.46 37 
411 J-187 2150.75 Zone - 1 0.012 2187.46 37 
221 J-93 2150.34 Zone - 1 0.137 2187.07 37 
249 J-107 2150.37 Zone - 1 0 2187.2 37 
403 J-183 2150.72 Zone - 1 0.016 2187.62 37 
49 J-8 2150.72 Zone - 1 0 2187.62 37 
425 J-194 2150.35 Zone - 1 0.102 2187.47 37 
190 J-78 2149.91 Zone - 1 0 2187.08 37 
409 J-186 2150.29 Zone - 1 0.012 2187.47 37 
51 J-9 2150.32 Zone - 1 0 2187.6 37 
405 J-184 2150.31 Zone - 1 0.012 2187.6 37 
407 J-185 2149.9 Zone - 1 0 2187.48 38 
257 J-111 2149.78 Zone - 1 0 2187.43 38 
435 J-199 2149.79 Zone - 1 0 2187.48 38 
237 J-101 2149.51 Zone - 1 0 2187.2 38 
265 J-115 2149.73 Zone - 1 0.118 2187.46 38 
223 J-94 2149.4 Zone - 1 0.137 2187.14 38 
427 J-195 2149.73 Zone - 1 0.102 2187.48 38 
261 J-113 2149.63 Zone - 1 0.02 2187.43 38 
259 J-112 2149.5 Zone - 1 0.02 2187.43 38 
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271 J-118 2149.65 Zone - 1 0 2187.63 38 
277 J-121 2149.58 Zone - 1 0.019 2187.63 38 
263 J-114 2149.26 Zone - 1 0.02 2187.44 38 
53 J-10 2149.4 Zone - 1 0 2187.58 38 
429 J-196 2149.27 Zone - 1 0 2187.47 38 
188 J-77 2148.92 Zone - 1 0 2187.14 38 
255 J-110 2149.22 Zone - 1 0 2187.44 38 
431 J-197 2149.19 Zone - 1 0.021 2187.47 38 
55 J-11 2148.89 Zone - 1 0.013 2187.58 39 
235 J-100 2148.68 Zone - 1 0 2187.44 39 
233 J-99 2148.7 Zone - 1 0 2187.47 39 
433 J-198 2148.38 Zone - 1 0.021 2187.47 39 
225 J-95 2148.13 Zone - 1 0.137 2187.26 39 
186 J-76 2148.08 Zone - 1 0 2187.27 39 
267 J-116 2148.19 Zone - 1 0.118 2187.54 39 
231 J-98 2148.04 Zone - 1 0 2187.55 39 
279 J-122 2147.69 Zone - 1 0.052 2187.63 40 
273 J-119 2147.64 Zone - 1 0 2187.63 40 
227 J-96 2146.74 Zone - 1 0.137 2187.33 41 
184 J-75 2146.44 Zone - 1 0 2187.33 41 
1666 J-232 2146.65 Zone - 1 0 2187.63 41 
275 J-120 2146.27 Zone - 1 0.052 2187.62 41 
330 J-147 2145.83 Zone - 1 0.029 2187.43 42 
229 J-97 2145.86 Zone - 1 0.137 2187.48 42 
1729 J-249 2145.94 Zone - 1 0 2187.6 42 
1619 J-220 2145.73 Zone - 1 0 2187.43 42 
1733 J-250 2145.85 Zone - 1 0 2187.64 42 
316 J-140 2145.57 Zone - 1 0.054 2187.64 42 
182 J-74 2145.4 Zone - 1 0 2187.48 42 
1565 J-209 2145.39 Zone - 1 0 2187.66 42 
81 J-24 2145.29 Zone - 1 0 2187.65 42 
328 J-146 2144.69 Zone - 1 0 2187.43 43 
338 J-151 2144.53 Zone - 1 0.103 2187.38 43 
395 J-179 2144.55 Zone - 1 0.035 2187.43 43 
85 J-26 2143.9 Zone - 1 0 2187.65 44 
83 J-25 2143.81 Zone - 1 0 2187.65 44 
93 J-30 2143.68 Zone - 1 0 2187.65 44 
320 J-142 2143.65 Zone - 1 0.046 2187.65 44 
95 J-31 2143.64 Zone - 1 0 2187.65 44 
308 J-136 2143.6 Zone - 1 0 2187.65 44 
282 J-123 2143.55 Zone - 1 0 2187.65 44 
310 J-137 2143.45 Zone - 1 0 2187.65 44 
314 J-139 2143.38 Zone - 1 0.027 2187.65 44 
318 J-141 2143.36 Zone - 1 0.054 2187.65 44 
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336 J-150 2142.81 Zone - 1 0 2187.39 44 
65 J-16 2142.8 Zone - 1 0 2187.43 45 
326 J-145 2142.7 Zone - 1 0.034 2187.43 45 
340 J-152 2142.17 Zone - 1 0.044 2187.39 45 
312 J-138 2142.41 Zone - 1 0.027 2187.65 45 
332 J-148 2142.12 Zone - 1 0.022 2187.42 45 
334 J-149 2141.87 Zone - 1 0 2187.4 45 
1581 J-210 2141.92 Zone - 1 0 2187.65 46 
67 J-17 2141.55 Zone - 1 0 2187.42 46 
97 J-32 2141.76 Zone - 1 0 2187.65 46 
397 J-180 2141.74 Zone - 1 0.035 2187.65 46 
324 J-144 2141.58 Zone - 1 0.003 2187.65 46 
99 J-33 2141.58 Zone - 1 0 2187.65 46 
392 J-178 2141.28 Zone - 1 0.044 2187.4 46 
87 J-27 2141.51 Zone - 1 0.046 2187.65 46 
322 J-143 2141.4 Zone - 1 0.003 2187.65 46 
304 J-134 2141.23 Zone - 1 0 2187.65 46 
91 J-29 2141.19 Zone - 1 0 2187.65 46 
69 J-18 2140.91 Zone - 1 0 2187.42 46 
350 J-157 2140.8 Zone - 1 0.027 2187.41 47 
384 J-174 2140.77 Zone - 1 0.044 2187.43 47 
63 J-15 2140.69 Zone - 1 0 2187.44 47 
1584 J-211 2140.59 Zone - 1 0 2187.41 47 
300 J-132 2140.67 Zone - 1 0.003 2187.65 47 
352 J-158 2140.06 Zone - 1 0.027 2187.41 47 
101 J-34 2140.24 Zone - 1 0.006 2187.65 47 
306 J-135 2140.23 Zone - 1 0.035 2187.65 47 
382 J-173 2139.99 Zone - 1 0 2187.43 47 
348 J-156 2139.93 Zone - 1 0 2187.41 47 
89 J-28 2139.92 Zone - 1 0 2187.65 48 
284 J-124 2139.62 Zone - 1 0 2187.65 48 
386 J-175 2139.18 Zone - 1 0 2187.43 48 
354 J-159 2138.97 Zone - 1 0.054 2187.41 48 
296 J-130 2139.13 Zone - 1 0 2187.65 48 
390 J-177 2138.87 Zone - 1 0.042 2187.43 48 
298 J-131 2138.98 Zone - 1 0.003 2187.65 49 
302 J-133 2138.78 Zone - 1 0.046 2187.65 49 
1722 J-247 2138.23 Zone - 1 0 2187.68 49 
346 J-155 2137.85 Zone - 1 0 2187.41 49 
71 J-19 2137.62 Zone - 1 0 2187.41 50 
370 J-167 2137.51 Zone - 1 0 2187.4 50 
364 J-164 2137.49 Zone - 1 0.034 2187.41 50 
368 J-166 2137.28 Zone - 1 0 2187.4 50 
73 J-20 2137.18 Zone - 1 0 2187.41 50 
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366 J-165 2136.82 Zone - 1 0 2187.4 50 
388 J-176 2136.84 Zone - 1 0.038 2187.43 50 
378 J-171 2136.44 Zone - 1 0.053 2187.4 51 
372 J-168 2136.39 Zone - 1 0 2187.4 51 
374 J-169 2136.31 Zone - 1 0 2187.4 51 
473 J-206 2135.92 Zone - 1 0.034 2187.41 51 
470 J-205 2135.88 Zone - 1 0 2187.41 51 
75 J-21 2135.78 Zone - 1 0 2187.4 52 
376 J-170 2135.5 Zone - 1 0.053 2187.39 52 
380 J-172 2135.01 Zone - 1 0.034 2187.4 52 
77 J-22 2134.96 Zone - 1 0 2187.4 52 
399 J-181 2135.09 Zone - 1 0.035 2187.59 52 
286 J-125 2134.98 Zone - 1 0 2187.59 52 
456 J-202 2134.9 Zone - 1 0.035 2187.56 53 
290 J-127 2134.82 Zone - 1 0 2187.56 53 
454 J-201 2134.53 Zone - 1 0.035 2187.57 53 
288 J-126 2134.41 Zone - 1 0 2187.57 53 
458 J-203 2134.21 Zone - 1 0.035 2187.56 53 
292 J-128 2134.03 Zone - 1 0 2187.56 53 
360 J-162 2133.41 Zone - 1 0.027 2187.41 54 
294 J-129 2133.51 Zone - 1 0.035 2187.56 54 
79 J-23 2133.15 Zone - 1 0.034 2187.4 54 
358 J-161 2132.91 Zone - 1 0 2187.41 54 
362 J-163 2132.89 Zone - 1 0.027 2187.41 54 
1724 J-248 2121.86 Zone - 1 0 2187.65 66 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
